Central Washington University

ScholarWorks@CWU
All Undergraduate Projects

Undergraduate Student Projects

Spring 2021

Thermal Conductivity Measuring Device
Kyle Saalfeld
Central Washington University, kylesaalfeld@gmail.com

Follow this and additional works at: https://digitalcommons.cwu.edu/undergradproj
Part of the Mechanical Engineering Commons

Recommended Citation
Saalfeld, Kyle, "Thermal Conductivity Measuring Device" (2021). All Undergraduate Projects. 170.
https://digitalcommons.cwu.edu/undergradproj/170

This Undergraduate Project is brought to you for free and open access by the Undergraduate Student Projects at
ScholarWorks@CWU. It has been accepted for inclusion in All Undergraduate Projects by an authorized
administrator of ScholarWorks@CWU. For more information, please contact scholarworks@cwu.edu.

Thermal Conductivity
Measurement Device
By

Kyle Saalfeld

Abstract
The thermal conductivity measuring device is used to measure thermal conductivity of solids,
liquids, and food products. Thermal conductivity is a material property that determines the rate
at which heat disperses through a material. This determines how well insulation works, what
materials are used as heat sinks, refrigeration, and how thoroughly food is cooked. The device
measures thermal conductivity by heating up a thermistor bead using a high magnitude current
for a measured duration and allowing the given heat to disperse; meeting the goal of designing
a device that can easily measure the conductivity. Additional requirements of this device
include weight, volume, test time, prep time, accuracy, and easily replaceable thermistors.
Most importantly the device must measure with 95% accuracy. To accomplish these goals the
measuring device utilizes DAQ NI modules and multiple electrical components to construct a
successful instrumentation system. The circuitry is housed in 3D printed ABS plastic sized for
hand-held use. A puncturing piece is made from stainless steel is used to pierce through food
product. Methods used to create this device include 3D printing, circuitry construction,
software construction, and machining. The thermal conductivity measuring device constructed
exceeds all requirements and is a conventional method of measuring thermal conductivity.
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1. INTRODUCTION
a. Description
Thermal conductivity values are mostly experimental and finding this value is not an
easy task. Engineers are responsible for creating devices that make life easier. Utilizing the
disciplines of thermodynamics, heat transfer, statics, and material science this issue will be
addressed. The goal is to make a device that can measure thermal conductivity of solid and
liquid bodies with replaceable contact points.

b. Motivation
This project was motivated by the need for a device to measure thermal conductivity.
However, during COVID-19 the project selection was limited due to safety of using campus
facilities, the availability of resources, equipment, and realism of finishing a project with these
limitations. This project most resembles devices being created today. The utilization of
instrumentation, stress analyses, tolerance fits, thermodynamics, and the requirement for easy
access to replace probes provide a challenge similarly faced when developing products being
made today. In addition, engineers use measuring tool constantly to perform their jobs. For this
reason, instrumentation is vital to an engineer’s career and is a great motivation for creating
this device. Thermodynamics, heat transfer, fluid dynamics, strengths of materials and design
are passions of mine and this project incorporates all those passions. The application of this
project will prove skills in thermodynamics, heat transfer, fluid statics, statics, material
strengths, instrumentation, electronics, and mechanical design.

c. Function Statement
The device measures thermal conductivity of solid and liquid bodies with easily
replaceable contact points with the specimen.

d. Requirements
The following list describes the design requirements for this device.
• Device can weigh no more than 20 lbs.
• Device must fit in an 18”x13”x10” box.
• Device must measure thermal conductivity in less than 15 minutes.
• Device must take less than 45 minutes to set-up.
• Device must measure thermal conductivity with less than 5% error.

e. Engineering Merit
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This device is important. Knowing a substance's thermal conductivity is very useful when
it comes to selecting the proper insulation for heating homes. Sometimes insulations must be
replaced to increase a building's insulation rating. This device will also have the capability of
testing thermal conductivity of worn damaged or non-homogeneous substances. This device
has the potential to easily identify insulation that needs to be replaced, increasing efficiency to
heat a building. In addition, this device will prove as an engineering tool and will be handheld
and with future revisions, able to be used without the need of an electrical outlet. This could
also help to increase the rate of research on undiscovered or new materials, alloys, fluids and
any bulk solid or liquid. The use of this device is specific, but its merit is wide reaching to
applications in research, construction, and maintenance.

f. Scope of Effort
This design will include a full measurement system to allow for easy readings. This will
include a measuring device, a structure to hold the measuring device components, and a data
collection virtual instrumentation system. The measuring device consists of a thermistor,
breadboard, resistors, potentiometer, frame materials, LabVIEW software, and hardware for
mounting components together. The device is to measure and display the thermal conductivity
value of the measured sample.

g. Success Criteria
The device must measure thermal conductivity of solid and liquid bodies. Measuring
system has easily replaceable contact points with samples. Measurement time is less than 15
minutes. Prep time is less than 45 mins. Device measures accurately with less than 5% error.
Additionally, the device must be capable of measuring multiple different types of bodies. This
model will be low cost, handheld, and above all else, safe to use.
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2. DESIGN & ANALYSIS
a. Approach: Proposed Solution
.

There are multiple methods to measure thermal conductivity. The techniques
considered to measure thermal conductivity for this project are the pulse heat input method,
heated thermocouple method, steady state longitudinal heat flow method, and thermal
comparator method. Each of these methods achieve similar results however only the steady
state longitudinal heat flow method, thermal comparator method and thermistor with pulse
heat input method satisfy the criteria of an error measurement of below 5 percent.
Additionally, steady state longitudinal heat flow method test times are too long for this
project’s criterion of 15-minute. This prevents the ability to use the steady state longitudinal
heat flow method to measure thermal conductivity for this device. The thermal comparator
method is a good choice for measuring thermal conductivity for this device however insertion
into solid bodies is difficult. Lastly, the pulse heat input method is the best option as there are
no issues when comparing methods results to the devices requirements. The pulse heat input
method, otherwise known as the pulse decay method is the technique used to determine
thermal conductivity for this device.

b. Design Description
To accommodate for the pulse heat method the device must include a frequency
generator, data acquisition device, virtual instrumentation, circuit board, and a thermistor with
an epoxy resin to reinforce the leads and probe for insertion. The thermistor leads are insulated
to prevent faulty readings, arching between leads, and electrical hazards. A puncture piece is
designed to penetrate food items for easier and more accurate measurements. Housing will be
made for the circuitry with a removable cover to provide easy access to circuity. This housing
for circuitry will also act as the handle for the device.

c. Benchmark
This method resembles the method performed by Patel, Valvano, Pearce, Prahl, and
Denham described in, “A Self-Heated Thermistor Technique to Measure Effective Thermal
Properties From the Tissue Surface” and methods performed by Choi and Bischof. Described in,
“A Quantitative Analysis of the Thermal Properties of Porcine Liver with Glycerol at Subzero and
Cryogenic Temperatures.”. The baseline for success will be achieving all requirements for this
measuring device. Acquiring results under in error percentage and measurement times would
be considered a successful device. However, designs and testing will be modeled off the work
done by Patel, Valvano, Pearce, Prahl, and Denham and in addition to Choi and Bischof.
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d. Performance Predictions
The thermal conductivity measurement will take 10 minutes to prep and 5 minutes to
execute measurements. Next, probe will be accurate within 4 percent. Lastly, no material on
the design will fail with proper use of equipment. Using wet food product like an apple or
watermelon could potentially short electronics if it is a wet enough sample. However, testing
with probe pointing down and cleaning probe after use solves this issue. Lastly, can test all
required specimen types.

e. Description of Analysis
Analysis for this project is important to determine the correct design parameters. These
parameters will be determined using thermodynamic, heat transfer, electrical, statics, and
strengths of materials. These analyses include, resistivity required to achieve 5% error,
maximum axial load of probe (occupational limit), thickness required for handle, outer diameter
required for probe housing, bit spec required for circuit board, weight, power supply to heat up
thermistor, RC8 fit tolerancing for probe housing and handle, Thiessen voltage to resistance of
thermistor, probe strength, data acquisition resolution, and more. One analysis includes the
equivalent screw engagement based off screw diameter to withhold shear forces. First,
diameter of screw is determined choosing steel as screw material and using the equation for
shear force to determine diameter of screw. Refer to appendix A-6 for screw diameter analysis.
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Next, the screw length equation is found in Mott’s “Machine Elements in Mechanical Design ''
and used for this analysis. Utilizing this equation, the engagement length is determined and
dimensions for screw housing circuitry doors can be established. Another analysis is for a
Wheatstone bridge. Wheatstone bridges are used to reduce the noise in the electrical systems.
The nodes bridging across the two parallel circuits are used to determine the change in voltage
of the resistor. This analysis determines the needed resistors for the Wheatstone bridge.
Assuming an equivalent resistor to balance is the first step of the analysis. 10k ohms matches
the specification of the thermistor at 25°C. The other two resistors must be equivalent by
analysis of the Wheatstone bridge and definition. Lastly, the Thiessen voltage analysis is to
convert for the bridge measured voltage to resistance of the thermistor while measuring
current through a resistor in series with that thermistor. The Thiessen voltage equation and
resistance in terms of current in series with the thermistor is used to determine thermistor
resistance. This analysis is used to derive the equation required to measure thermal
conductivity while using a Wheatstone bridge.

f. Scope of Testing and Evaluation
The purpose of testing and evaluating the design is to determine if the device has
achieved the success criteria. For example, an error of no more than 5% is required for this
project and if the requirements are not met, therefore, the device does not function as it is
required to. All requirements of the measuring device must be achieved to constitute a
successful device. Without testing, revisions and additions to the design cannot be made
accurately and revision made may not address the necessary issues. Testing and evaluation are
a vital part of the project life cycle. Without testing and evaluation against the requirements, it
is unknown if the device constructed is the device that is meant to be constructed.

g. Analysis
i. Analysis 1
This analysis is done as the first steps to formulate the correct equation to have the
virtual instrumentation system calculate thermal conductivity. Equations used consist of heat
transfer through a solid and power equations for electrical components. This analysis creates
the design parameter for what functions will be needed to perform this measurement.
ii. Analysis 2
This analysis is done to determine the maximum force that can be applied to the
thermocouple without damaging the equipment. Statics and stress calculations are used to
determine this parameter. This analysis determines the operational limit of the force that can
be applied to the entire system as the probe is the weakest piece.
iii. Analysis 3
To ensure the probe can contact the most amount of material possible, a puncture piece
is designed. Analysis on apple strength is used to determine puncture design and outer
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diameter. Utilizing apple yield strength and inner diameter of puncturing piece to find force to
break through apple and determine required outer diameter of puncture piece. An apple is
chosen as it is a common yet above average strength food product.
IV. Analysis 4
To ensure the resolution of the device is high enough to achieve 95% accuracy electrical
resistivity to temperature must be determined. Utilizing equations derived by Patel, Valvano,
Pearce, Prahl, and Denham in, “A Self-Heated Thermistor Technique to Measure Effective
Thermal Properties From the Tissue Surface” determine error in voltage to determine error in
temperature measurement. This analysis determines allowable thermistor resistivity. This
analysis is used to determine the required tolerance of the thermistor.
V. Analysis 5
The circuitry must be housed, and the probe given a handle. This analysis is to
determine the wall thickness of the housing/ handle required based on the force required to
break through an apple. Force to break through the apple and used to calculate wall thickness
for housing is found in “Analysis 3”.
VI Analysis 6
The probe housing and circuity housing must be mounted together. Analysis is to
determine diameter to hold both housing and handle together. Force to break through the
apple is used to calculate the diameter of the screw as determined in “Analysis 3”. ABS plastic
material strength and transverse shear equation is used to determine diameter of screw.
Dimensions discovered in this analysis are used to determine both dowel and pin/hole sizes.
VII. Analysis 7
Device must weigh less than 20 lbs. To ensure the weight requirement is satisfied, the
weight is found using density of materials and volume, then calculated for each component and
added together. This analysis helps to guide the limiting dimensions of the handle.
VIII. Analysis 8
The purpose of analysis 8 is to determine equivalent screw length to screw diameter
determined in “Analysis 6”. This relates the allowable stress diameter of the bolt to the length
engagement of the bolt to withhold those same shear forces and not destroy the mating part.
This will ensure the handle puncturing piece will stay fastened to handle while puncturing
through food product. Max strength used for food products is determined in “Analysis 3”.
IX. Analysis 9
The circuit board specs must be determined to select an allowable circuit board. The
allowable resolution is determined using the minimum voltage increment needed to attain an
error of no more than 5%. The required bits for this measuring device are determined in this
analysis.
X. Analysis 10
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A Wheatstone bridge analysis is constructed to determine the equivalent resistors to
balance the Wheatstone bridge. Wheatstone bridges are commonly used to reduce electrical
noise in an instrumentation system.
XI. Analysis 11
A separate power source is required to power the thermistor. This analysis determines
the required power and selects a voltage. Voltage is based on the given power rating for
resistors at 25° C increasing heat of thermistor by 5° C.
XII. Analysis 12
Revisions for thermistor housing are made to add countersunk holes to allow mounting
to handle with threads. Analysis determines required diameter of housing to ensure no failure.
Diameters for revision A’s design is used to begin analysis and once stress concentration factor
is determined diameter is calculated to compared to current diameter. If calculated diameter is
smaller than current design diameter, then redesign is not necessary. “Machine Elements in
Mechanical Design” by Mott is used to find concentration factor.
XIII. Analysis 13
Probe housing and device handle must mate with an RC8 fit. Dimensions for probe
housing inner diameter and handles outer diameter where both interfaces must be
determined. “Machine Elements in Mechanical Design” by Mott is used to find data for
clearance fits.
XIV. Analysis 14
Resistance of the thermistor must be determined during the measurement process
when the Wheatstone bridge section circuit is powered, and temperature measurements are
being taken. The thermistor resistance must be known to calculate the temperature of the
thermistor. Current in series with the thermistor and voltage at the bridge are measured to
determine the resistance value of the thermistor. This algebraic equation is used in the
construct VI to determine the thermistors resistance.

h. Device: Parts, Shapes, and Conformation
Device is created researching past similar project testing for thermal conductivity. Other
research includes Chen and Patel’s paper and Choi and Bischoff’s paper. Students doing similar
projects aided in the design of the puncturing piece. Professors are CWU provided knowledge
to help with analysis and design parameters. In addition, Ted Saalfeld is responsible for design
ideas and modifications throughout the project. An additional goal of this project is to make the
measuring device hand-held. The goal of creating a hand-held thermal conductivity measuring
device is not a requirement for the device but a goal proposed by the principal engineer. The
design process follows the pattern of fulfilling functional requirements through analysis. Parts
such as the breadboard and circuitry door need to be parallel. The thermistor housing has a slip
fit on the handle to allow for easy assembly and disassembly of probe housing. The
dimensioning of the circuitry door is important to ensure a snug fit yet removable. One issue
12

that may occur with this device is water from food product getting into the electrical
components. However, if the device is used pointed down and thermistor is wiped off after use,
there should not be a limitation on the capability of measuring food product based on water
content.

i. Device Assembly
The purpose of this device is to measure the thermal conductivity of a solid and liquid
body. Assembly will consist of three sub-assemblies which include, the thermistor housing,
handle, and circuitry. Within the thermistor housing assemblies there is the epoxied thermistor
and stainless-steel housing to puncture through food product. Within the handle sub-assembly
there is a breadboard with the constructed circuitry as another sub-assembly. In addition, the
power source to initially heat up the resistor is a frequency generator plugged into an 120V
electrical outlet. LabVIEW will show the data and generate a thermal conductivity value based
on the rate of change of temperature in the body. Safety factors driving dimensions range from
one-and-a-half to two. Most measuring devices for engineers are delicate and keeping since
this device is meant for similar purpose and is the reason for the safety factor being relatively
low. In other words, it is delicate measuring equipment and should be designed in the same
manner. A design with higher durability may be desirable however is not the scope of this
project and would also be a more costly design. The begin data acquisition DAQ modules are
powered to heat up thermistor, measure thermistor temperature constantly, and LabVIEW
collects, tabulates the data, and displays the average thermal conductivity value.

j. Technical Risk Analysis
One technical risk is electrical shorting. For example, if wires on thermistor, other
circuitry are insufficiently insulated, and water drops onto a wire the electronics will catch fire.
Some tests involve liquid and food samples and are a risk to test if wires are not fully insulated.
Secondly, hole in the housing allowing thermistor through allows water in circuitry. Water while
testing food products may seep past the resistor and into electronics. This is a problem as the
electronics for the system can short and make the measurement system fail. Lastly, DAQ
module set-ups are necessary each time the system is powered on and the DAQ modules
required for the device are removed from the DAQ compact chassis. This gives the operator a
potential to make a mistake while setting up the DAQ output module. The DAQ output could be
set too high and cause damage to different components of the circuit sub-assembly.

k. Failure Mode Analysis
One failure analysis was used to create the thermistor housing and handle dimensions.
For example, yield strengths of MakerBot tough filament are used compared to the apple yield
strength to determine wall thickness. This analysis determines the maximum strength the
device can withstand. Another failure analysis is on the screw size to withstand forces while
puncturing food product. This is important to allow the handle to mount to housing and allow
13

easy probe replacement. In addition, equivalent screw engagement was determined to ensure
no failure of device while testing. Lastly, with late revisions to handle and housing, holes and
threads are added to mounting. Analysis for these concentration factors are performed to
ensure no unexpected failures due to change in geometry.

l. Operation Limits and Safety
One limitation to this device is the use of wet foods such as watermelon, oranges,
bloody steak, or other wet food product. Wet foods and liquids can be used however must be
used thermistor point down into the sample. In other words, the device must be operated
thermistor down if taking measurements on liquids or other wet materials. Secondly, the device
is not designed for high stress situations. For example, this measurement device would be
expected to break if significantly higher stresses occur than operational uses. The device can
withstand over two times the stress based on safety factors for the suspected failure
dimensions. Within standard operational procedures the device will not fail.
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3. METHODS & CONSTRUCTION
a. Methods
This project was conceived, constructed, and analyzed at Central Washington University.
Utilizing the resources provided by CWU facilities and machines parts are made. For example,
the probe housing must be machined using Central Washington University's lathe, and milling
machine. In addition, the handle and circuitry door will be fabricated using CWU’s Technion 3D
printer. Models are drafted using SolidWorks and printed with ABS plastic. Some parts are
purchased and modified in house. For example, the circuit board sub-assembly must be
constructed, tested before addition to the final assembly. LabView must be constructed and
tested with circuitry before final assembly. The circuitry subassembly consists of resistors and
thermistors purchased through Digikey. Once assembled and tested, circuitry will be fastened
into the circuitry housing with a double-sided adhesive strip. Secondly, thermistor leads must
be soldered to the correct length to ensure easy removal and assembly within circuitry housing.
The extensions to the thermistor leads will also allow the thermistor to extend outside the hole
of the handle. The assembly of the device will be another addition to the construction process.
For example, screws must be added to mate the probe housing to the handle and circuitry door
to the handle. All parts not described in this paragraph are documented in the parts list and will
not be manufactured or modified, and only purchased.

i.Process Decisions
There are many different types of methods to construct a part out of a device and these
methods should be considered to optimize time, cost, resources available, and possible
modifications to design if something was manufactured out of spec. For example, to determine
the construction method for the handle a decision matrix is created (appendix F-2). The most
optimum construction method for manufacturing the handle is utilizing Central Washington
Universities Technion 3D printer. 3D printing the handle is superior to alternative
manufacturing methods. The speed at which a part can be constructed after a design or
revision is developed is a great factor in the decision to use 3D printing for construction. The
instant a model is created as a Solidworks file it can be constructed using a 3D printer. In
addition, since a 3D printer is provided as a resource at CWU it is a cheap way to get a custom
part constructed. 3D printing this model is better than creating a mold for this very reason. For
example, creating a mold for only one part is costly. Also, if revisions are made to the part after
the mold is created it would become a waste of resources and time. 3D printing the handle also
beats machining because of the complexity of the part. Utilizing CNC programing software is an
option however the process would require multiple set-ups and setting up a CNC machine for
one part is typically expensive. Secondly, a decision matrix. located in appendix F-3, is created
to determine the optimal method of construct for the probe housing. Machining the stainlesssteel housing is the best option. Casting would be costly in time and money. However, casting is
a viable option as the tolerance for this part is relatively large. Bending with an iron worker and
welding is another option however this construction method would produce errors in runout
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that could cause threads in the handle and holes in probe housing not line up properly. Lastly,
the circuitry door must be constructed. Since the circuitry door and circuitry housing mate
together to increase the life of each part the circuitry door is made of the same material as the
circuitry housing. 3D printing also provides the tolerance required for mating the circuitry door
and circuitry housing. Therefore, the best construction method for the circuitry door is 3D
printing. The circuitry board is constructed, and DAQ modules generate and acquire signals that
are sent to LabVIEW to calculate and display values. This construction method could have been
better analyzed as it restricts the movement of users to only a few feet from a computer with
the required DAQ set-up and LabVIEW software. However, this method achieves the
requirements and is a reliable way to construct the desired measuring device. All other parts
are purchased and assembled at CWU.

b. Construction
i. Description
The device will be constructed in three sub-assemblies, the circuitry, the handle and the
thermistor housing. The full assembly includes three manufactured parts, the probe housing,
handle, and circuitry door and one modified part, the epoxied thermistor. The circuitry
subassembly includes two 10 ohm resistors, one 5 ohm resistors, one 20k ohm resistor, one 30k
resistor, thermistor and electrical wiring to frequency generator, and DAQ modules. LabView
will be part of the construction process but not in the drawing tree, even though LabView is an
important part of the construction process. Each subassembly is created using multiple parts.
All parts except the housing, handle, thermistor, and circuitry door are purchased unmodified
parts. All purchased parts should arrive before construction of the handle. This is so LabView
construction may begin early and troubleshooting with LabVIEW can begin early in the
construction process. Each part will be constructed in a certain order. First housing will be
machined at Central Washington University. LabVIEW is a large part of the project and will take
a considerable amount of time to construct and refine. The probe fits through a hole drilled
through the stainless-steel housing and handle. The construction of the housing is complete.
The handle and circuitry door will be 3D printed using CWU’s Technion 3D printer. The threads
in the handle are machined using a hand tapping kit. This method is accurate enough and with
the limited availability to access to machines this is the best option. Circuit board circuitry must
be constructed before assembly with the handle. Screws will be applied to circuitry door and to
probe housing to mate to handle at final assembly. Circuit board sub-assembly after being
tested is fastened with an adhesive strip into the hollow section of the handle. Lastly, the probe
must be casted with clear casting resin and glued onto end of handle with thermistor leads
guided through holes and inserted in the correctly marked terminals to complete the final
assembly of the thermal conductivity measuring device.

ii.

Drawing Tree, Drawing ID’s
Refer to appendix B-1
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iii. Parts
Parts will be machined, 3D printed, soldered, purchased, purchased and modified, or
provided by Central Washington University. For example, the stainless-steel is purchased from
onlinemetals.com and is machined at CWU. The handle and circuitry door are 3D printed and
material is provided by Central Washington University. Thermistor leads must be soldered to
create the correct length to connect with the circuit board. The handle requires a secondary
process to create threads. The threads are hand tapped after the handle is 3D printed. Items
purchased without modification include screws, resistors, potentiometer and circuit board.
Some items that are purchased need to be modified. Parts purchased that must be modified
are the thermistor and copper wiring. The probe is soldered to length and copper wiring is cut
to length for DAQ and frequency generator. LabVIEW software, DAQ assistant, DAQ NI 9205,
DAQ NI 9207, and DAQ NI9403 are provided by Central Washington University and are not
needed to be purchased.
iv. Manufacturing Issues
Some manufacturing issues may occur, so it is important to have a good understanding
of those issues and prepare accordingly to avoid them when possible. One manufacturing issue
that can occur is not having concentricity with the chamfered holes and the threads holes. This
would not allow the parts to properly mate during assembly. This issue is avoided using proper
machine setup techniques to locate each hole. Secondly, another issue that may arise is if feed
and speed is too high when drilling through plastic material for the handles’ threads, the plastic
could melt and not allow a screw to mate with the threads. This issue will be avoided using
hand taps and slowly plunging into the material. Then, the probe housings round edge may be
difficult to machine. For example, the round surface will cause the drill to chatter and reduce
the finish and hole location. To prevent this issue, a ballnose endmill is used to flatten the
surface first. Next, the surface roughness of the 3D printed parts makes mating with those
surfaces more difficult. Lastly, the construction of LabVIEW may have issues that require
troubleshooting. This will most likely take time and is not an issue that can be avoided and only
can be worked through. Research and expertise are the best path to solving these
manufacturing issues.
v. Discussion of Assembly
First, the breadboard will be constructed as a sub assembly with a Wheatstone bridge
using resistors, variable resistor, potentiometer, and thermistor. The circuit board will be
secured into the handle with an adhesive strip directly under the hole where the circuitry door
fits. Next, wires required for data acquisition and signal generation are connected to
corresponding DAQ NI modules. Then, the epoxied thermistor is placed through hole in the
handle and probe housing will be mounted to the handle using screws. Lastly, the circuitry door
will mount to the handle using screws.
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4. TESTING
a. Introduction
Testing is an important part of the device development process. The requirements of the
device must be juxtaposed to the results of the device and for this reason tests must be
performed. For example, ISO standards ensure a product cannot be given to a consumer if it has
not been tested. This ensures safety and quality of manufactured goods. In addition, a business
owner does not want to sell a product that is incomplete or does not achieve all the requirements
for a successful device. To guarantee a successful product, the testing phase consists of
evaluating the device on all success criteria. This is a vital process to the project’s success. The
tests include, weight, testing time, volume, test prep time, and accuracy.

b. Method/Approach
Some tests are more difficult than others to perform. For example, the weight test and
volume test are simple and the test times and accuracy test take more preparation and time to
perform. Furthermore, to evaluate the test times and accuracy of the device, the device must
be fully constructed with a completed LabVIEW VI. The weight and volume test do not require a
finalized virtual instrumentation. Furthermore, the weight and volume test can be done before
construction using SolidWorks to determine weight and the assembly drawing to determine
maximum dimensions to test volume. Next, the prep time for the device must be evaluated.
Testing regarding the test time and accuracy will be done using LabVIEW and a sample is
measured for each. Testing regarding the weight and volume will use a scale to measure the
weight and a 18x13x10 box to test for maximum volume. In conclusion, tests regarding the use
of LabVIEW will be performed first as they will take the longest to perform and revisions can be
made if the device does not pass both tests on the first attempt.

c. Test Procedure
Each success criteria is tested using a different procedure. For example, to ensure the
device weighs less than 20lbs, weight test requires a scale and recording the measurement.
Next, testing to ensure the device can measure within 45 minutes This test includes all set-up
steps and sample preparation steps times added together. Prep time with material includes the
time to drill a hole in the material for the thermistor to be inserted. Test specimens that cannot
be punctured with the probe housing must be drilled. In addition, prep time includes pouring
liquid samples in a cup and statically placing the device on top of the cup and the probe in the
liquid. Also, food samples must be punctured and packed and contribute to material prep time.
Set-up time for the device includes time to connect leads to frequency generator and DAQ to
computer and LabVIEW software. Prep test time will be performed on possible solid test
materials needing machining to first before a session of probe is possible. The material will be
drilled at the same diameter as the thermistor to ensure the most contact possible. The prep
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time test will evaluate each type of sample prep time individually to attain a more accurate
time. In addition, creating multiple test scenarios and averaging times will determine the
device's average test time. Next, the volume test will determine if the device can fit into an
18x13x10 box. If the box can close with the fully assembled device inside, then the device
passes this requirement. Then, to ensure test test time is less than 15 minutes, evaluation of
the test time is tested by recording the measuring time of the device. Lastly, an accuracy test
will be done using homogeneous substances with a known thermal conductivity value to see if
no more than 5% error is achieved. Data will be recorded and displayed through LabVIEW and
compare the empirical data to research values.

d. Deliverables
A document is created so all data can be recorded and compared to success criteria to
determine flaws in design. A picture of the thermal conductivity measuring device in a
18x13x10 box is used as documentation for the volume test. A picture of the device on a scale is
used as documentation for the weight test in addition to documenting the weight. Data
collected from time tests, and accuracy test are displayed on a table. Revised predicted values
for the prep time test are 33 minutes for solid, 29 minutes for liquid and 31 minutes for food
product to be set-up. Actual results of the prep time test for the solid sample are 22 minutes 18
seconds for the liquid sample, 19 minutes 15 seconds and the food sample took 21 minutes and
45 seconds. The solid sample took the longest to prepare as the liquid sample took the shortest
to prepare. The total set-up time represents the total time the project took to set-up in each
individual step added together. However, a more accurate time for prep would include
performing some of these set-up procedures simultaneously. The tasks that can be performed
simultaneously are the sample prep and Cp& density inputs. Both tasks can perform as the
system warms up. The time it takes to set-up if these tasks were performed during the system
warm up is represented as Total2 in the data table. Total2 times are the same for all samples
because it removes the set-up times for the sample. Total2time is 18 minutes and 18 seconds.
All these test’s times are under the predicted value of 33 minutes. The possible reason for this
is because the warmup test was performed last, and the thermistor had time to adjust to
ambient room temperature. This would set the thermistors closer to the resistance required to
balance the bridge. Another reason is the first time the test was taken the bridge was so far
from being balanced, the circuitry had to be diagnosed. This diagnosis required power to the
thermistor and should have skewed the results. However, after the circuitry was diagnosed and
fixed, the system was left without power for over 30 minutes to ensure the diagnosis process
did not affect the test results. This test could be running again due to the uncontrolled variable
that arose during testing however this is not necessary as the requirement is to be under 45
minutes and the maximum set-up time was under 50% that value at only 22 minutes and 18
seconds. The prep time requirement is passed, and the device is successfully designed to be setup in under 45 minutes. Data for all tests are displayed in a table in appendix G. The test results
are displayed versus the success criteria using this document and requirement checklist. For
example, the data recorded for each test will be separately calculated and added to this
document. Lastly, the data from each test is compared to the corresponding success criteria to
ensure a successful product.
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5. BUDGET
a.

Parts

This project requires multiple bought parts to complete construction. These patriots include
electrical components, construction material, and hardware to make up the full assembly for
this device. The most expensive parts of the project include the stainless steel, thermistor, and
breadboard. The least expensive materials include MakerBot filament, screws, and resistors.
Lead time for thermistor is up to two weeks and has the largest lead time. Lead times for both
resistors are small, approximately two to three business days. Thermistor lead times will not
slow down the construction of the device as they arrive before construction can begin at
Central Washington University. Most electrical components are purchased from DigiKey.
LabView software, frequency generator, DAQ, MakerBot filament and most machine shop
equipment is supplied by CWU. However, a mistake was made during the design of the handle
and a 1/4” bottoming tap and #7 reamer are purchased to create threads in the handle. This
item is purchased after the construction process begins and will slow down manufacturing. The
3D printer filament is not required to be purchased as Central Washington University is
providing this resource. Steel will be bought from Onlinemetals.com. Hardware is purchased
through McMaster-Carr. In addition, milling tools to machine holes and threads are required to
finish construction of probe housing and are also purchased through McMaster-Carr. Machining
must be bought through McMaster-Carr to finish probe housing. Some parts like screws come
in bundles and have extra in case the small hardware gets lost. Extra thermistors, resistors, and
screws are purchased in case of mishandling or loss of the item. In addition, parts cost can be
considered so higher than expected because duplicate parts are bought to test replacement
probe speed and incase of shortage in electrical systems. Epoxy to strengthen the probe is
purchased at Reynolds Advanced Materials in Kent, Washington. This is the last part added to
the parts list. Parts purchased are purchased early to allow USPS ground allowing for the lowest
shipping cost. Materials are required for purchase to test for device requirements. For example,
a scale is used to determine weight, Jello is used as a testing material, and lastly, a #41 drill is
purchased to test solid samples. All the fore mentioned parts for testing are purchased after
construction of the device. The rest of the testing equipment, like stopwatch, paper, pencil,
computer with excel and power cords, and purchased before the beginning of this project or
provided by the school are not tabulated as part of the budget. During evaluation of prep time,
an epoxied probe broke and another must be constructed. This requires the purchase of
another thermistor and more epoxy. Lastly, travel to Ellensburg is necessary and all tests should
have been conducted at the same time to reduce cost of transportation. Three trips were made
instead of one which increased the travel costs for testing by a factor of three. Estimated total
cost of parts during development of proposal is $128.90, actual cost of parts is $142.06 with
shipping and taxes. The device is developed over budget due to mistakes during manufacturing,
revisions to design and change of tooling due to revisions. Refer to “Appendix C '' for more
details on the parts list.
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b. Outsourcing
Machining operations, finishing, assembly, 3d printing, circuitry and LabView
construction is all done in house and no manufacturing is outsourced. Total cost for outsourcing
parts for the manufacturing process is $0.

c. Labor
This section is tabulated using national industry standard wages to determine labor cost
for this project. The design portion of this project in labor costs $1540 for 40 hours of work. The
housing for the device must be machined, this should take approximately 5 hours and cost
$103.10. The handle must be 3D printed using a 3D print Technion and will cost $150 dollars for
labor. The circuitry door will require 3 hours to print and cost $60 in labor. Circuit board must
be assembled and will cost $20 for an hour of construction. LabView must be constructed for
this project. LabVIEW technicians for the estimated 10 hours of work will cost $280. Lastly,
assembly personnel are necessary for final assembly of device. Assembly personnel for one
hour will cost $12 in labor. Total cost of labor is $2185.10.

d. Estimated Total Project Cost
The project costs a significant amount to develop. The largest contributors to the budget
include the labor cost including the development of the proposal and analyses and construction
of LabVIEW and handle. The smallest contributors to the budget are the assembly crew labor
cost. Moreover, the cost of parts is very small compared to the price of labor. The steel
required to make the probe housing and screws to fasten the parts together are the cheapest
parts purchased for this project. Some parts do not need to be purchased and the total cost of
parts for this project is $122.06. The cost of labor is $2185.10. Total estimated project cost is
$3,200.

e. Funding Source
Personal funds and resources provided by Central Washington University are used to
complete this project. For example, the hardware and electrical components are bought online
by means of personal funding. The steel for the probe housing is also purchased with personal
funds. CWU, for example, provides SolidWorks, LabView software, compute and DAQ modules.
Central Washington University also provides machining facilities, tooling, vises, fixtures, files
and various safety and measuring equipment required for manufacturing. Lastly, the Technion
3D printer and MakerBot filament are provided by CWU. There is no company sponsor for this
project. All parts will be purchased or supplied by Central Washington University.
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6. Schedule
a.

Design

The design state of this project consists of budget, parts lists, schedule, construction
method, research, drawings with analyses, and method of testing design. Design stage of the
project must be completed by November 17 . This means the entire proposal is to be
completed, this should take 10 hours. The documentation in the proposal is dependent on all
the rest of the deliverable to be completed. All preliminary research and introduction to the
project must be completed by October 3 . This process should take 15 hours, this portion of the
project took 9 hours. Furthermore, all drawings and assemblies must be completed by
November 6 . Completing all drawings would require the analysis of all parts before final
drawings can be constructed. All drawings and analysis should take 15 hours to complete. In
addition, parts list and budget must be completed by October 16 . Constructing a parts list
requires knowing the parts first and budget requires knowing the parts needed, material
needed, and labor costs. Parts lists should take 2 hours to construct, and the budget should
take 1 hour to complete. Testing the product is very important to ensure all design
requirements are met. The tests themselves are not to be performed; however, the plan on
how to test for each of these requirements is to be determined and written in proposal by
November 23 . Methods of construction matrix are used to determine between best
construction by October 30 . Then, construction methods must be explicitly explained in the
proposal by November 6 .
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b. Construction
Construction begins with the circuitry door to meet the deadline for the first
manufactured part. Additionally, most construction plans outlined in the “methods” and
“construction” of this report are changed to meet deadlines and changing availability of
manufacturing at Central Washington University. Secondly, the probe housing is constructed in
the CWU machine shop. The handle will be 3D printed in the Central Washington University
computer labs along with the construction of LabVIEW and circuitry. All parts are manufactured
and must be assembled to complete construction of the thermal conductivity measuring device
by March 10th.
Final submission of proposal before development of report can begin is January 8 . A
manufacturing development review is on January 15 . The first manufactured part must be
complete by January 20 . Additions to methods and construction sections of the report must be
complete by January 22 . Additions to the website for resume and report link are to be
completed January 27 . The construction portion of the discussion section of the report is to be
complete by January 29 . Second manufactured part or thirty-three percent of the required
part must be completed by February 3 . The construction portion of the schedule section in this
report is to be complete by February 5 . The budget section is to be revised by February 12 .
Third manufactured part or seventy-five percent of the required parts must be complete by
th
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rd

th

th
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February 17 . The methods and construction section of the report are to be revised once again
by February 19 . Additions and revision to proposal are reflected onto the website and are to
be completed by February 24 . The testing section of this report must be complete by February
26 . The discussion section for the construction process of this device is revised and is
completed by March 5 . The device must be assembled and satisfy the requirements outlined in
the introduction of this report by March 10 . Lastly, the report must be revised once more and
completed by March 12 .
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Tasks which require the least amount of time include 3D printing the handle, and
circuitry door, and writing budget, and schedule for the construction section of the report.
Tasks which require the most amount of time to complete include machining thermistor
housing, developing, and troubleshooting LabVIEW software, and writing discussion sections of
the construction portion of this report.

c. Testing
Abstract for SOURCE presentation must be completed by April 2 . TDR01 must be
submitted by April 14 . TDR02 must be submitted by April 28 . TDR02 assignment is to be
completed by April 20 . TDR02 was supposed to contain the video presenting the accuracy and
test time test. Prep time test is performed April 8 . Weight and volume tests are performed
April 20 . Test time and accuracy test are performed April 22 . Test section was updated April
16 and completed April 30 . Testing section of the discussion portion of the report is updated
April 23 and completed May 7 . Presentation for SOURCE must be submitted by April 30 All
tests must be completed before the submitting SOURCE presentation. Website must be
updated with all information up to this point in the project and prepare for the final
presentation. Website must be updated by April 21 and completed by May 12 . This section of
the schedule section of this report must be completed by May 14 . All tests must be performed
and recorded in test report format by May 10 . The budget must be updated by May 21 . Final
presentation is to be submitted by May 24 . Final submission of the report is on June 4 . All
data is accumulated in a “Jump Drive” folder and submitted by June 7 . This will address and
conclude the thermal conductivity measuring device report.
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Changes are made throughout the testing period of the project's development. For
example, TDR01 was meant to present accuracy, test time and prep time. This was altered to
only incorporate the prep time test. Secondly, TDR02 was supposed to contain the test time
and accuracy test for the device. This change in schedule is due to TDR assignment and VI is not
fully developed at this point and weight and volume tests were presented in the TDR02 instead.
In addition, testing dates for test time and accuracy were pushed back from the initial date of
April 20 to May 2 . This time was used to finalize VI and fix mistakes made in VI construction.
The VI was modified and worked on April 20 through April 22 and May 3 and May 4 . This
change in schedule pushed back the testing report, SOURCE poster and accuracy and test time
test in the schedule. Then, the SOURCE poster presentation was pushed back to May 4 . This is
due to the test time and accuracy test not being completed until May 2 . Next, a test report is
resubmitted containing all requirement tests and procedure checklists on May 12 . Lastly, the
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website is resubmitted containing new test reports and construction and testing images.
General maintenance and reorganization of the site is updated May 13 . This reorganization is
in preparation for the final presentation on May 24 .
th

th
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7. Project Management
a. Human Resources
Human resources are an important part of this project. For example, throughout the
design stage of the project, mentorship comes from Dr. Pringle and Dr. Choi. Dr. Pringle assists
in design of parts, ISO standards for drawings, and 3d printing. Dr. Choi assists in his expertise in
heat transfer, thermal conductivity measuring devices and proposal construction. Electronic
Engineering Technology Professors, Greg Lyman assists in electrical components required for
data acquisition. Electronic Engineering Technology Professors, Peter Zencak assists with
LabVIEW construction and troubleshooting. If availability of professors is scarce, lab technicians
at CWU can be helpful in troubleshooting with LabView and circuitry construction. Ted Saalfeld
assists to generate alternative methods of various design elements. Issues may arise during
machining processes and Ted Bramble is the primary resource for expertise in machining.

b. Physical Resources
This project requires multiple physical resources to complete. One physical resource is a
lathe. This will be used to machine probe housing inner and outer diameter. The lathe will also
be used to finish, face, and part off the workpiece. Secondly, a drill press will be used to outfit
parts with countersunk holes, through holes. Thread taps, lathe cutters, a boring bar,
countersink chamfer mill, lathe chuck, vise and blocks are required to complete machining
operations. Machine operations must be calibrated, and holes must be located on the
workpiece therefore a dial indicator is necessary. Additionally, to measure parts critical
dimensions a dial caliper is required. The project requires a Technion 3d printer to fabricate the
handle. Flat head screw drivers will be used for final assembly and subassembly of the handle.
DAQ modules and a computer with LabVIEW software are required to construct the thermal
conductivity measuring device.

c. Soft Resources
Computer software is necessary to program logic into electrical components. LabView
will be used to display thermal conductivity reading construct logic in electrical systems.
SolidWorks is used to create models, revisions to models, create assemblies and engineering
drawings for the device. Drawings and models for purchased hardware are downloaded
through McMaster-Carr and updated using SolidWorks to match ASME Y14.5 standards.
Software for 3D printers is required for construction.

d. Financial Resources
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Financial resources are necessary to buy parts, support labor costs, and attain all
resources to complete the project. There are no company sponsors supporting this project.
Multiple resources are provided by Central Washington University. For example, machining
tools and machines are provided by CWU. In addition, a computer, computer software and a
Technion 3d printer are provided by CWU. The largest sponsor to the project is Central
Washington University.
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8. DISCUSSION
a.

Design

Initial progress on the project began with a resume. This resume is used to apply for
previous work and is updated for this proposal. Secondly, the thermal conductivity measuring
device is chosen from a list of possible projects determined by CWU. Next, research began on
thermal conductivity measuring techniques. These resources for research include scholarly
articles, thermodynamics and fluids textbook, YouTube, and the internet. In addition, CWU
professors, Dr. Choi, and Dr. Pringle, provide expertise and resources throughout the project's
design. Initial work on the design began with a sketch. The first sketch constructed was for the
longitudinal heat flow method. Thereafter, the initial sketches of the device are added to a
website created for the project. However, after constructing a decision matrix for measuring
techniques, the device needs to be compact and this method can call for a larger device. For
this reason, the pulse decay method is later selected as the best method of measuring thermal
conductivity. Other methods were proven through research to be too inaccurate for the
projects required accuracy or unable to test liquid and solid bodies. The method is selected, and
the introduction is completed on the proposal. A summary of the introduction section is added
to the website. Every week, throughout the project’s life cycle, a progress report is developed
and submitted to CWU professors, DR. Choi, and Dr. Pringle, to document the progression of
the project.
Next, analysis on the thermal conductivity of a material with a given power source
probe area. Using resources from Chen's paper on the pulse decay method and previous
experience in heat transfer. Next, analysis is done to determine the maximum force that can be
applied to the thermocouple without damaging the equipment. Using common thermocouple
material properties to determine this sets up analysis for puncturing through food products.
Analysis on the force to break through the possible food product to allow for penetration
began. This is initially done with data for MakerBot tough filament however is later changed to
stainless steel 304 for its corrosive resistance to foods and liquid. Another analysis is not
created because stainless steels yield strength is much higher than that of the MakerBot tough
filament. Design and analysis section are completed, and all analyses are now added to the
proposal and website. Analysis continues to determine resistivity of the thermistor required to
achieve less than 5% error. This requires a lot of research and expertise as electrical
components drive this device and work together to succeed. In addition, analysis on the
resistivity required took longer to complete than any other analysis. Next analysis determines
allowable wall thickness for circuitry housing. The handle is attached to the probe housing and
transmits the force from penetrating the apple to the handle. Analysis is to determine the wall
thickness required to break through the apple for the handle. A drawing is created from this
specification. This analysis is used for the first Requirement, Analysis, Design parameter and
Drawing (RADD) presentation for CWU mechanical engineering and technology students and
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professors. The probe housing is later revised with thread for mounting. The schedule is created
and added to the proposal. The schedule is updated throughout the design process.
Then, analysis on the dowel size for a screw to mount the handle to probe housing
began. This is assuming purely shear forces and max load transmitting during the penetration of
the apple. Next, the device must weigh less than 20 lbs. To ensure the weight requirement is
satisfied, the weight is calculated for each component and added together. This is shown to not
be as useful of an analysis as most parts had not been constructed in SolidWorks and the most
accurate volume for each substance could not be determined. However, this still shows how
close the design is to weight and if any modifications need to be made. Parts list and budget are
added to the proposal. However, the parts list is updated through the design process as new
analyses are made and more accurate components can be selected. In addition, an accurate
budget for the project is difficult to create without a full created parts list. Summaries for parts
list and budget are added and continuously updated throughout the design process. Next the
second drawing is added as the screw needed to secure the handle to housing.
Analysis eight is to determine equivalent screw length from the screw diameter
determined in analysis 6. This relates the allowable stress diameter of the bolt to the lengths of
the bolt to withhold those same shear forces. This equation relating this dimension is found in
Mott’s “Machine Elements in Mechanical Design”. This research is very helpful as this secures
the handle to the housing and will be where it fails. The selected screw part number is found
and added to the parts list. This analysis and screw diameter are used to determine both the
screws for mounting the housing and set screws for mounting the breadboard to the housing.
The testing section of the proposal is completed. Expertise and consultation are needed to
complete this section. Summary of the testing section of the project proposal is added to the
project website. Drawing three is created to represent a selected thermistor for assembly
drawing. Dimensions for thermistor leads are not fully defined in the manufactured datasheet
and may cause problems during construction.
Analysis to determine the allowable bits for the breadboard is performed. The
beginnings of this analysis utilized the expertise from Dr. Choi through an online meeting. The
allowable resolution is determined using the minimum voltage increment needed to attain an
error of no more than 5% in analysis 3. The required bits are determined in this analysis and a
breadboard is selected and added to the parts list. Drawing four is of the breadboard selected
through this process. Dimensions were not given other than length and width of breadboard
and set screw distances may be a problem in construction. In addition, thickness and distance
between nodes were not given. Next analysis is for reducing the electrical noise in the system.
Wheatstone bridges are commonly used to reduce electrical noise in an electrical system.
Wheatstone bridge analysis is constructed to determine the equivalent resistor to balance the
Wheatstone bridge. The set screws required for mounting the breadboard to handle is selected,
added to parts list and added to “appendix b”. Three resistors are selected in this analysis and
added to the parts list. Dr. Pringle and Dr. Choi describe what sections of proposal are to be
completed during project life cycle and during design state to prepare for final submission of
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proposal for the design stage. Methods and construction added to the proposal simultaneously.
Construction section was added a week ahead of schedule.
Final analyses begin with power required for thermistor. This determines the power
source voltage for the frequency generator. Revisions are made throughout the project design
stage and mostly within the final week before proposal submission. More specifically, revisions
to schedule and budget are made. The discussion section of the proposal is complete for the
design stage. Drawings for handle, resistors, and revision of housing, are complete and added
to assembly drawing. Revisions to housing consist of adding threads for mount screws. Handle
had to wait until the breadboard was constructed to ensure sizing is correct and set screws
could be determined. In addition, revisions to designs to handle and circuitry doorsare made.
Revisions to design require analysis for stress concentration. Utilizing “Machine Elements in
Mechanical Design”, by Mott, actual stress is calculated for stainless steel housing as the final
analysis. Project management is added to the proposal as the final section added to the
proposal in the design stage. Lastly, all revisions are made, and a proposal is submitted.
A website is created for this project. The website reflects the reports progress and
addition to reports are added into the website. The website is used to present this project to
colleges, Dr’s, and future employers. All sections of this report are added to the website as
place holders, however content is not added until the same section in the report is complete. A
design sketch is added to the website.

b. Construction
All materials were received before beginning construction of any parts. Lead times on
steel and resistors did not affect the construction process. Final submission of proposal is
submitted January 8 . Development of the report can begin. Communication with CWU
machine shop Professor Jason Allen began to address tooling and fixtures available at CWU. In
addition, communication with Dr. Pringle began to locate some tooling. Communication with
electronics engineering technologies assistant Professor Greg Lyman to install LabVIEW
software to allow construction at home and testing at CWU facilities. Initial construction begins
with 3D printing the circuitry door on January 15th. With limited access into CWU facilities for
the first two weeks of construction 3D printing the circuitry door is to Dr. Pringle to print. Next,
construction of LabVIEW and handle begins. Handling will be done first, however, LabVIEW is
started as soon as possible so the most time is allotted to troubleshooting the VI. Then, the
circuitry subassembly must be constructed. The circuitry subassembly will need to be done next
to test the lengths of the leads needed for the LabVIEW system and probe to safely assemble
into the circuit board once placed into the handle. Probe housing has had two revisions to
properly locate holes to allow a full engagement of screws during final assembly. Next, probe
housing is machined. Manufacturing plans for the handle are changed and threads are
machined with a mill instead of 3D printed as suggested by Dr. Pringle. New drawings need to
be created for 3D printers as the threads need to be removed and holes need to be larger to
allow for reaming afterwards. In addition, new analyses for proper feed rate for machining are
created. To ensure the plastic does not melt inside the flutes the feed rate is dropped. Rev A is
th
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sufficient for machining operations on the handle. LabVIEW troubleshooting continues. Once
LabVIEW is constructed and tested on required materials for times; circuit board can be
inserted into the handle and fastened with an adhesive strip. Lastly, final assembly of the device
can begin. The final assembly must be complete by March 10 .
Some parts have had to be bought or acquired after the first purchase orders were filled
to adapt to necessary changes. For example, hardware based on revision made to parts must be
purchased. Secondly, tooling must be purchased to accommodate for the changes in hole size
to allow for new screw size to fit into part. A ¼”-20 UNC tap, #7 reamer and drill are purchased
for these revisions. Then to provide another path of current and heat up the thermistor a
normal closed witch is acquired from stock in Central Washington Universities EET labs.
th

The CWU facilities must be used to machine the probe housing. A boring bar is a more
unique tool to have in some machine shops and is necessary for this project. After contacting
Muir Hamilton about CWU machine shop tooling and scheduling, manufacturing of probe
housing can begin. A health checkup is required each day before you enter a Central
Washington University building. This step is taken to provide the best safety possible while
working in CWU facilities. Set-up time for machines and tools take much longer than expected
during construction of the probe housing. CWU’s machine shop during construction of probe
housing is used for five and half hours. Searching for the correct tools, finding concentricity in
the chuck, and turning the diameters of the part take the longest. Making the workpiece
concentric in the lathe is difficult at first yet becomes easier with practice. Next, stainless steel
scratches very easily and the chuck damages a finished side, requiring more time for finishing
the outer diameter of the part.
The handle is 3D printed using a Technion 3D printer provided by Central Washington
University. The parts take 37 hours to print. The handle requires a significant amount of ABS
plastic and support material to statically support the piece as it is 3D printed. After the print is
complete an error is found in the size of each hole. Each whole requires threads to allow for a
screw to fasten each piece at assembly. These holes are printed too large and cannot be
reamed to allow for proper thread engagement during assembly. The holes were .8900” but it
was required to be under .1535” to allow for reaming with a #21 drill. Revisions to probe
housing, handle and hardware are made for this same reason. The next size up for the screw is
chosen. ¼”-20 is chosen to utilize tooling available at CWU.
Circuitry door is the first part manufactured for the project. This is the first part
manufactured as this could be done without physically being in the Central Washington
University campus buildings. Coordination with Dr. Pringle allowed for this part to be
manufactured on time by January 15 . The STL.file is sent to Dr. Pringle and Dr. Pringle initializes
3D printing of the circuitry door. Revisions to the hardware, thermistor housing, and handle of
this project require the circuitry door to be revised as well. The size on the hole is increased
using a hand tap set and a drill size larger than the major diameter of the screw. This technique
is sufficient as the mating between the circuitry door and handle have a large enough tolerance.
th
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Circuitry and LabView construction are the last components of this device to be
constructed. Plans to begin circuitry and LabVIEW as the first two parts of the device changed
due to COVID-19 safety precautions enforced by Central Washington University. The change of
plan is necessary as Central Washington University has the LabVIEW software, DAQ and DAQ
module required for the construction process. Research for LabVIEW software at home began
with looking for a student version or cheap version of the software provided by Central
Washington University. Greg Lyman is contacted to and there is no student LabVIEW software
provided by CWU. Since circuitry must be constructed and tested and purchasing DAQ and
LabVIEW software is expensive, other parts are constructed before the beginning of the
construction of LabVIEW. LabVIEW construction began first. A switch is required for this device
and was not purchased in time to place an order; however, Central Washington University
provided the switch for this project. There are many aspects of the LabVIEW that require
troubleshooting. For example, multiple data types are used for this project and must be
converted to similar data types to allow them to communicate and do what the device is
supposed to do. Research and data types and use of functions in the tool pallet of LabVIEW is
used. Next, the last data point calculated inside the while loop must be reused and compared
to the next value executed into the while loop. This is required to determine the temperature
difference to calculate for thermal conductivity. A shift register is used to solve this issue. Then,
an average of the thermal conductivity value must be taken. This requires the use of an array,
the sum function, utilizing the iteration terminal of the while loop and in LabVIEW. This allows
for data points to be divided by the amount of data points taken, this will provide the most
accurate value of thermal conductivity. Revisions are made to the technique for finding the
thermal capacity (Cp) of the thermistor. In addition, the heating element is altered to a heat
gun to reach the required temperature for a more accurate measurement. The benefit to
recalculating the thermal capacity is that if the probe is changed, damage, or its physical
properties have been altered over time then recalculating Cp would act as a recalibration of the
device each time the device ran the LabVIEW VI. The technique explained above is not a
possible way of determining thermal conductivity of an unknown material. For example, the
property found is thermal conductivity, however it is the thermal conductivity of the thermistor
not the material the thermistor is measuring. Research continued with Patel, Chen and Holmes,
and Attkins and Wright to determine a new way to measure thermal conductivity. A thermal
conductivity method must be chosen that uses equipment available due to the deadlines for
the project and how late this mistake was noticed. A conversation with college Lucas Hill aided
in the redirection in the method of measuring thermal conductivity. After this conversation
construction on a pulse heat decay method device continued. The circuitry is built first then the
software. An output module is required to initialize the pulse heating of the thermistor. Peter
Zencak is helpful in discovering the output module applicable for the device. The software
initially created was very similar to the software required to run the device correctly. With the
circuitry and software constructed a video is recorded for a testing circuit for presentation to
professors and colleges.
During the construction process revisions are made to engineering drawings to provide
more information for manufacturing, change dimensions, and change construction methods.
After the final submission of the proposal, on January 8 , drawings created after this point are
th
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considered revisions. After submission of the proposal revisions to the probe housing,
hardware, handle, and assembly drawings are created. The probe housing has five revisions
however the first two revisions were created before final submission of the proposal. First
revision adds a hole. Next revision a countersunk hole is added. Then the next revision includes
a section view to best describe the countersunk hole and GD & T for part. The last revision
added is to change the inner and outer diameter of the part. Final revision of probe housing is
to change hole size to ¼”. Screws are purchased to reflect changes in design. ¼”-20 100˚ screws
are purchased through McMaster-Carr February 10 . A revision is added to the handle once
considering the accuracy of the 3d printer to achieve 30 threads per inch. The alternate method
manufacturing threads is to machine threads into parts. A revision is created for the 3D printing
manufacturing threads after being 3D printed. Final revision created for handle is to match hole
size corresponding to available tooling at CWU. The assembly drawing requires a bill of
materials and a revision block to describe the revision made for the part. The previous revisions
are the only revision made after the proposal for this project was submitted.
th

The website is an important part of this project. For example, the website is used to
present the project to colleges, Dr’s, and future employers. The website fully represents the
entire project life cycle and through its development. The website is divided into sections
reflecting this report: “Introduction”, “Design & Analysis”, “Methods & Construction”,
“Testing”, “Budget”, “Schedule”, “Project Management”, and “Discussion”. All analyses are
added to the website. Pictures of construction are uploaded to the website. A video of hand
taping the threads for the handle are added to the website. All these sections from the report
are updated to the website as the project develops.
During the manufacturing process a report is developed. This report consists of adding
content and revising previous sections and adding completely new additions to the previously
submitted proposal. Sections revised include the methods, construction, testing, and budget
section of the report. The sections started after submission of the proposal include the
discussion section for construction, and schedule section for construction. All section revisions
and additions are updated on the Website created for this project. The website is consistently
updated as the reports are updated. Report is submitted March 12 .
th

c. Testing
The testing portion of this report consists of testing the requirements of the measuring
device. Procedures are written and revised to test these requirements and adapt to available
resources most accurately. For example, initial procedures for testing for prep time include only
time to set-up the device. Final revisions to the prep time test include sample preparation time
in addition to device set-up time. This revision is changed as a sample must be prepared before
the device can start testing for thermal conductivity. In addition to the above changes to the
prep time procedure, all sample types are used to equate total prep time of each sample type,
solid, liquid and food product. The data table initially created for this test is updated to reflect
the addition to sample prep time. As follows sample time was initially included in the procure
for test time. The revision of the test time procedure removes the time it takes to prep a
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sample. This decision is made to accommodate for the change in the prep time test procedure.
In addition, the data tables for this test are updated to reflect the addition of sample prep time
to the test prep time procedure. Next, initial data tables for accuracy test procedure are
updated into an excel file for easier use for validation of requirement and calculations. Test
procedures for accuracy test are also revised to only test one specimen multiple times instead
of multiple specimens multiple times. This decision is made as this is not required to prove
success in the proposed criterion, and the prep time test proves that these samples can be
tested. Then, initial procedures for testing for volume requirement included setting the fully
assembled device in an 18” x 13” x 10” inch box. Final revisions for the volume test utilize four
pieces of 11” x 8 1/2” paper taped together at each corner and draw a 18x13 box and ruler
marked at 10” to demonstrate the dimensions of the required box volume. This decision is
made to utilize resources readily available. Next, the initial procedure to test for the 20lb
weight requirement uses a scale in pounds force. However, pounds are not included as a unit
for the scale available. To adapt to this units of grams are used and converted into pounds. All
procedures and the full test report are in appendix G.
Device passes prep time requirement. The device passes the prep time requirement of 45
minutes by over 50%. The actual maximum prep time is 22 minutes and 18 seconds. The device
passes this test in an exceptional fashion. This is much lower than the required value and even
lower than the predicted value. The predicted maximum value is 33 minutes for a solid sample.
The second longest prep time is for food samples at 21 minutes 45 seconds. Lastly, the liquid
sample took the shortest to prepare. Each sample type has its own sample preparations to
consider however this difference in prep time is small. This result is shown while comparing the
total prep time to Total2. To determine the prep time difference for each sample, subtract Total2
from the maximum prep time calculated for each sample. Total2 represents the time it takes to
set-up a device without including sample prep time. Total2 reflects a more realistic procedure as
there is ample time to prepare a sample as the system is warming up and therefore the sample
time would not be included in prep time. This value results in 3 minutes and 45 seconds of
difference between testing a liquid and a solid sample. In other words, the solid sample prep time
is a factor of 45 higher than that of the liquid sample. Therefore, regardless of what sample is
used the test prep time should not change beyond 3 minutes and 45 seconds over 18 minutes and
18 seconds. The solid sample is predicted to be 33 minutes because it is estimated to take 4
minutes to set-up both DAQ’s, 2 minutes to start up, 20 minutes to warm up system, 2 minutes to
start up computer, 3 minutes for sample prep and 2 minutes to find and input Cpand density.
Both NI9205 and NI9403 DAQ set-ups were close to the estimated value of 2 minutes. DAQ
NI9403 took 1 minute 32 seconds and the NI9205 took 2 minutes 36 seconds to set-up. Cpand
density input for food products due to availability of empirical data made this task more difficult
and take more time. The difference between preparing a food sample and a solid sample is 28
seconds. The system warm up time is the largest contributor to the total prep time at 11 minutes
and 58 seconds. This time was much less than the expected value of 20 minutes. The reason for
this could be that this part of the test was taken over an hour into being in the room. The
thermistor got closer and closer to ambient room temperature and this would cause the thermistor
to get closer and closer to the required voltage to balance the bridge. For this reason, the test
result of the system's warm up time may not be accurate. The maximum prep time calculated is
under 50% the total required time and the test does not need to be redone.
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The device passes the weight requirement of 20lbs. The initial procedure of the weight
test was to measure on a scale that weighs in pounds. However, the scale available has units of
weight in grams the procedure is changed to convert grams to pounds. The actual weight of the
fully assembled device is 1.01 lbs. The measuring device passes the weight requirement. A
video and picture are taken to provide evidence of passing requirements.
The device must fit inside an 18”x13”x10” box. The initial procedure to test this
requirement involved placing the fully assembled device in an 18”13”x10” box and seeing if it
was able to fit inside that box. As an alternative to purchasing a box with those specific
dimensions cardboard is recycled used to create the length, width, and height of the box. This
procedure is satisfactory to test for the required volume of the device as it must fit inside a
specific sized container. Making the same sized box as the requirement and proving no parts of
the device go outside of that box proves that the thermal conductivity measuring device can fit
inside the maximum required volume. The device passes the volume requirement. A video and
picture are taken as evidence of passing requirements.
The device must perform its’ test under 15 minutes. This test procedure includes testing
the time it takes to perform thermal conductivity measurement. The total time being measured
is the time from when the start button on the machine is pressed to the time the thermal
conductivity value is displayed. Initial procedure for the test time test included prep time for
samples and included testing all samples to determine the times are all within the required
value. Testing all samples is unnecessary as well as multiple trials. This is because the LabVIEW
software is set to test for a set duration of 17 seconds and regardless of the material type. This
makes testing different materials and performing multiple tests futile. For the reasons outlined
above the procedure is updated reducing the number of trials to one and only testing gelatin in
water.
The device must measure thermal conductivity with less than 5% error. This test
procedure tests the accuracy of the thermal conductivity value measured from the device to
known values from scholarly resources. For example, gelatin will be tested and compared to
real thermal conductivity values of gelatin found in credible databases or datasheets. During
taking this test it was noticed that equipment was missing for final construction and was not
tested on time as shown in the initial testing report. The required equipment to finish
construction of the device and continue testing is a DAQ NI-9263 analog input module. The
initial DAQ NI-9403 is a digital output and would not give the required constant voltage to
acquire appropriate measurements. Procurement of required equipment is underway working
with Greg Lyman and Jeff Wilcox. Plans of testing Monday May 3 and turning in posters with
updated results. If DAQ NI-9263 does not show up on time to turn in SOURCE poster, revisions
to test procedure can involve multiple digital multimeters to measure resistances and currents
and manually calculating thermal conductivity. This will test the equation used in LabVIEW and
circuitry construction, the thermal conductivity values will however be skewed because the
times will be taken by a human instead of the computer. In addition, only one measurement
per trial will be taken and thermal conductivity will be based on one data point and will differ
rd
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from the result but will still give a good representation of the system accuracy. Data sheets are
created in excel and used in testing reports. Then it is realized that a DAQ Ni9403 digital output
module can be used to generate a current for circuit. Test procedures are revised to reflect this
change. In addition, the LabVIEW is not capable of running the system being created and the
accuracy test is not able to run as initially predicted. These changes include hooking up all
voltage and current measurements to DMMs and both power supplies to function generators
and simulate LabVIEW VI as operator. This at least proves the circuitry is compatible with this
thermal conductivity measurement technique. The timing is made to be as accurate as possible
with some practice in doing the procedure.

d. Conclusion
The device does not pass all outlined requirements. The device passes prep time, test
time, volume, and weight requirements. The device fails to achieve the required accuracy of a
maximum of 5%. Device passes prep time requirement. The device passes the prep time
requirement of 45 minutes by over 50%. The actual maximum prep time is 22 minutes and 18
seconds. The device passes this test in an exceptional fashion. This is much lower than the
required value and even lower than the predicted value. The predicted maximum value is 33
minutes for a solid sample. The second longest prep time is for food samples at 21 minutes 45
seconds. Lastly, the liquid sample took the shortest to prepare. The device does not pass the error
percentage requirement. The thermal conductivity value of water at room temperature is .598
W/kg Kelvin and can be found in thermodynamic texts and resources. The sample tested is about
99% water 1% and the thermal conductivity of water can be used. The device evaluates the
thermal conductivity value of the sample and determines it to be .5741 W/kg Kelvin by linking
DMM to wires required to measure the thermistor's temperature. This was not intentional from
the design of the measuring device as the data acquisition is supposed to be done by the DAQ
modules and LabVIEW software. Hand calculations and DMM reads show the device's circuitry
achieves a 4.00% error in thermal conductivity measurements when measuring the thermal
conductivity of water at room temperature. The device must perform its’ test under 15 minutes.
This test procedure includes testing the time it takes to perform thermal conductivity
measurement. The total time being measured is the time from when the start button on the
machine is pressed to the time the thermal conductivity value is displayed. The test time is the
same for each trial because the LabVIEW software is programmed to run for 15 seconds. For this
reason, the times for each test do not have a great considerable difference. The actual
measurement time for the device is about 15 seconds and achieves the maximum 15-minute test
time requirement. Additionally, the device passes the weight test. The device weighs
approximately 1.01 pounds. This exceeds the 20lb weight requirement and is also under the
predicted value of 2lbs. The device passes the volume requirement. The device must fit inside an
18”x13”x10” box without any wires or any other parts hanging outside the box's constructed
boundary. The device does not extend outside the constructed box and passes the volume
requirement for the device. Moreover, the device succeeds in the design of the housing, epoxied
thermistor, circuitry schematic, probe housing and fasteners however the device does not have a
fully functioning VI. Device passes all requirements except accuracy requirement. The DAQ
sample rates must be altered before testing for accuracy most properly. In conclusion the device
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exceeds most requirements however more troubleshooting with DAQ sample rates or revisions to
use a microcontroller is required before a fully successful device is achieved.

36

10. ACKNOWLEDGEMENTS
Acknowledgements to Ted Saalfeld for addition to design elements and alternative ideas for
manufacturing parts.
Acknowledgements to Dr. Choi for mentorship and guidance throughout project life cycle. In
addition, provided aid in method for strengthening thermistor, circuitry construction and
components, potential analyses, and research in methods for testing thermal conductivity.
Acknowledgements to Dr. Pringle for mentorship and guidance throughout project life cycle. In
addition, provided aid in 3-D printing, thread tapping, SolidWorks, and analysis of drill charts.
Acknowledgements to Lucas Hill for research in thermal conductivity measuring methods. In
addition, provided aid in governing equation for testing thermal conductivity for the pulse
decay method.
Acknowledgements to Matt Schrenk for alternative ideas of analysis and design.
Acknowledgments to Muir Hamilton for guidance in machining techniques and acquiring tooling
required machining operations. In addition, to aid safe practice on manual machines and
machine operation of mill and lathe.
Acknowledgements to Peter Zencak for expertise in LabVIEW software and NI DAQ modules.
Provide aid in discovery of required DAQ analog input DAQ NI-9263 C-series module.
Acknowledgements to Patrick Bennet for expertise in LabVIEW and circuitry hardware.
Provided aid procurement of potentiometers and 30k resistor. In addition, helped to improve
understanding of case structures in LabVIEW.
Acknowledgments to Greg Lyman for providing guidance in finding community version of
LabVIEW to allow for programing at home.
Acknowledgement to Jeff Wilcox for aid in procurement of required DAQ NI-9263 analog output
C-series module.
Acknowledgements to Jian Pina for expertise in machining plastics.

37

References
Chen, M. M., et al. “Pulse-Decay Method for Measuring the Thermal Conductivity of Living
Tissues.” Journal of Biomechanical Engineering, vol. 103, no. 4, 1981, pp. 253–260.,
doi:10.1115/1.3138289.
Choi, Jeung Hwan, and John C. Bischof. “A Quantitative Analysis of the Thermal Properties of
Porcine Liver with Glycerol at Subzero and Cryogenic Temperatures.” Cryobiology, vol.
57, no. 2, 13 July 2007, pp. 79–83., doi:10.1016/j.cryobiol.2008.05.004.
N/A. “NI 9205 Datasheet - National Instruments.” NI, National Instruments, 4 July 2017,
www.ni.com/pdf/manuals/374188a_02.pdf.
N/A. “NI 9207 Datasheet - National Instruments.” NI, National Instruments, Sept. 2016,
www.ni.com/en-us/support/model.ni-9207.html.
N/A. “NI 9403 Datasheet - National Instruments.” NI, National Instruments, Mar. 2016,
www.ni.com/pdf/manuals/373781b_02.pdf.

38

APPENDIX A - Analysis
Appendix A-1 – Thermal Conductivity of Solid using heated
thermistor method
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Appendix A-2 – Allowable force applied to thermistor for direct
axial load
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Appendix A-3- Resistivity to achieve 5% error
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Appendix A-4- Liquid housing/ puncturer outter diameter
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Appendix A-5- Handle outer diameter
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Appendix A6 - Screw diameter
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Appendix A-7- Weight Requirement of 20lbs
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Appendix A-8- Equivalent screw engagement length
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Appendix A-9- Bit spec for bread board
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Appendix A-10- Resistors require to make Wheatstone bridge
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Appendix A-11 – Power supply needed to heat up thermistor.
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Appendix A-12- Required diameter with concentration factor
for revised thermistor housing
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Appendix A-13- Tolerancing RC8 fit for probe housing and
handle dimensions
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Appendix A-14 – Equation used in LabView to determine
resistance of thermistor during measurement process
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APPENDIX B – Drawings
Appendix B-1- Assembly Tree
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Appendix B-2- 10-001 Rev C
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Appendix B-3- 20-001 Rev F
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Appendix B-4 - 55-004 Rev A
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Appendix B5 – 55-001 Rev A
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Appendix B6- 50-001 Rev B
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Appendix B7- 55-002 Rev A
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Appendix B8- 55-003 Rev A
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Appendix B9- 20-002 Rev C
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Appendix B10- 20-003 Rev B
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Appendix B11- 20-002 Rev B
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Appendix B12- Circuitry Schematics Rev C
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Appendix B13- 55-005 A
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Appendix B14- 55-006 A
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Appendix B15- 55-007 A
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Appendix B16- 55-008 A

70

Appendix B17- Initial design sketch of final assembly
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APPENDIX C – Parts List and Costs
Part
Number
55-001

Manufactures
Part Number
223-1546-ND

Qty

Part Description Source

Cost

Disposition

3

Thermistor

DigiKey

$8.28

N/A

R-30B-0050

16ft

Wire

DigiKey

$10.50

55-003

CF14JT10K0TR
-ND

2

10 kohm
Resistor

DigiKey

$.2

55-002

BC4514CT-ND

3

30 kohm
Resistor

DigiKey

$1.98

55-004

1528-4539-ND

1

Circuit board

DigiKey

$5.00

50-001

99926A135

8

¼” screws

McMasterCarr

$38.95

N/A

IM13DD705

1 roll

MakerBot
Filament

School

Free

N/A
(provide
d by
school)

N/A

1

DAQ NI 9205

School

Free

To connect
to probe
housing
To elongate
DAQ to
circuit board
and
configure
breadboard
Component
of
Wheatstone
bridge
Component
of
Wheatstone
bridge
Mounted in
handle
To mount
housing to
handle and
close door
to circuitry
Constructio
n material
for handle
In computer
lab

22096

4
inche
s
1

Stainless Steel

Onlinemetal $37.66
s.com

10K
potentiometer

CWU EET
labs

N/A
55-005

3310Y-011-103L-ND

N/A

Constructio
n material
for housing
To balance
bridge for
stable
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55-006

1

N/a

76499202102

1

55-006

N/a

1

55-007

N/a

1

1k
potentiometer
Clear casting
resin
20 k ohm
resistor

CWU EET
labs
Micheal’s

N/A

CWU EET
labs

N/a

30 k ohm
resistor

CWU EET
labs

N/a

$20

measureme
nts
To balance
bridge
To cast
thermistor
Divide
source
voltage
Divide
source
voltage
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APPENDIX D – Budget
Item

Qty

Description

Cost

CF14JT10K0TR-ND
55-001
BC4514CT-ND
50-001
55-003
IM13DD705
22096

2
4
3
8
1
1
4
inches
50ft
1
1
1
1
1

10k ohm Resistor
Thermistor
5k ohm Resistor
¼” screws
Circuit board
MakerBot Filament
Stainless Steel

$.2
$24.84
$1.98
$38.95
$5.00
N/A
$37.66

Copper Wire
10k ohm Potentiometer
1k ohm potentiometer
20k ohm resistor
30k ohm resistor
Clear casting resin

$10.50
N/a
N/a
N/a
N/a
$20

R-30B-0050
3310Y-001-ND
N/a
N/a
N/a
76499202102
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APPENDIX E – Schedule
Appendix E-1- Gantt Chart Schedule
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APPENDIX F – Expertise and Resources
Appendix F-1- Decision matrix for thermal conductivity
measuring method
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Appendix F-2- Decision matrix for construction methods of
handle
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Appendix F-3- Decision matrix for construction of probe
housing
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APPENDIX G – Testing Report
Introduction:
This document is a recording of the thermal conductivity measuring devices’ requirement test
results. These requirement include, weight, volume, test time, prep time, and accuracy. The follow is
a brief introduction of the devices’ requirements and each test. First, the device can weigh no more
than 20 lbs. The device is weighed on scale and recorded on table. The predicted value for the
weight of the device is 2.5 lbs. This test is performed April 19th. Secondly, the device must fit
inside an 18”x13”x10” box. If device fits inside the box than the device passes required
maximum volume. The predicted outcome of test is that the device will fit inside of the
18”x13”x10” box. This test is performed April 19th. Next, the device must measure thermal
conductivity in less than 15 minutes. The time it takes for the system to produce a thermal
conductivity value is timed with a stopwatch and recorded in a table. Predicted value for this test
is 10 seconds. This test is performed April 20th. Then, the device must take less than 45 minutes
to set-up. The device set-up time and sample prep times are recorded with a stopwatch presented
in a table. The predicted set-up time is 35 minutes. This test is performed April 8th. Lastly, the
device must measure thermal conductivity with less than 5% error. The device will measure
thermal conductivity of a sample then, the sample is compared to the known thermal
conductivity of that material. The data is input presented through an Excel file. This test is
performed April 20th. All tests are scheduled on the Gantt chart and located after each test report
in appendix Gx.5 (x is in referencing the order the test is presented in this document).
Method/Approach:
The resources required for these tests include: the measuring device, access to EET lab
Hogue 207 DAQ modules and DAQ chassis, gelatin, solid sample, dish for liquid sample, cardboard,
scale, drill, writing utensil, paper, calculator, computer, camera/video camera, and someone to video
tape. The cost for testing this device is low as all parts of device are constructed. The only purchased
items include gelatin for accuracy test and fuel to travel to lab to performed tests. Procedure and data
tables are created for each test. In addition, tests are recorded with a video camera and pictures are
taken of set-up and equipment. The results of each test are compared to requirements of device in the
requirements check list located in appendix G6.1. The follow is a brief introduction of the procedures
of each test. First, the weight test will be on scale and recorded on table. Secondly, the volume test
will be performed by purchasing a 18”x13”x10” box and placing the fully assembled device
inside. If the device fits inside the box than the device passes the maximum volume requirement.
Next, test time is performed by using a stopwatch to measure the time it takes for the system to
produce a thermal conductivity value. The stopwatch would be pressed once the VI run button is
pressed and the measurement process of the device begins. Then, the set-up test is performed by
recording each step of set-up with a stopwatch and adding each of the set-up times and sample
prep times. If the device set-up time is under 45 minutes than the device passes the required
maximum set-up time. Lastly, the accuracy test is performed by testing the thermal conductivity
of water at room temperature and comparing the systems calculated value to the known thermal
conductivity value. The data is calculated with an Excel file. There are a few limitations with this
device. For example, the required equipment for testing are Central Washington University
property and tests must be performed at CWU. Secondly, precautions are to be taken while
testing liquid or food working in the CWU EET labs. Computers and electrical equipment are
through the lab and shorting these components is a possibility. Precision of results are adequate
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for all tests. For example, the scale used to measure the devices measures up to one-thousandths
of a gram. This makes results of weight extremely precise. Secondly, the stopwatch used to
record the time for each test can measure up to one one-hundredths. This means each time taken
with the stopwatch is very precise. However, the stopwatch is stopped by a person and only one
person is performing the test and controlling the stopwatch. Therefore, the times recorded are
greater than the actual times and inaccurate. This inaccuracy caused by human error is not larger
enough to inherent a change in procedure or equipment. The following are each of the test
reports.

Summary
This procedure documents the process of testing and recording, the prep time of the thermal conductivity
measuring device created in Mechanical Engineering Technologies Senior project course at Central
Washington University. The prep time includes time to set up equipment, sample, and software start up
time. The device is required to have a prep time of no longer than forty-five minutes. The test prep time is
tested on a metal sample as that material requires extra time to prep as a drilled is required to allow the
thermistor to be inserted.
Time: The test was conducted on 4/8/21 from 1:00 pm to 1:50 pm in Hogue 207. There was ten minutes
collecting equipment and preparing test sample. After the test, there was ten minutes to retrieve data, shut
down equipment, and collect equipment and sample.
Place: Room 207, Hogue Hall, Central Washington University campus in Ellensburg, WA.
Required equipment includes:
•
Web camera
•
Computer with LabVIEW software
•
Computer monitor
•
Power strip
•
Thermal Conductivity measuring device.
•
#41 drill
•
Cordless drill motor
•
Thermal Conductivity Measuring Device LabVIEW VI
•
Data sheet
•
Writing utensils
•
Stopwatch
•
DAQ NI9403
•
2 DAQ NI9205
•
DAQ Ni9207
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Figure 1: Testing equipment
Risk: This test cannot be conducted without electrical power. All equipment must be collected ahead of
time. DAQ NI9403 must operate between -40˚C and 70˚C. Safety glasses are required when drilling solid
sample. Additional personnel were not required but could be on hand as observers.
The test procedure is as follows:
1) Collet equipment:
•
Web camera
•
Computer with LabVIEW software
•
Computer monitor
•
Power strip
•
Thermal Conductivity measuring device.
•
#41 drill
•
Cordless drill motor
•
Thermal Conductivity Measuring Device LabVIEW VI
•
Data sheet
•
Writing utensils
•
Stopwatch
•
DAQ NI9403
•
2 DAQ NI9205
•
DAQ Ni9207
2) Go to Hogue 207 and a computer with a CompactDAQ (all computers should be equipped with this
system).
3) Set-up video camera in front of testing area allowing all test to be recorded.
4) Set all equipment on table near computer and test area.

83

5) Copy table below.

Sample
prep time

Power Setup time

DAQ
NI9205
Set-up
time

Computer Density
start-up
and 𝐶𝑝
time

Time to
balance
bridge

Total prep
time

𝑇𝑜𝑡𝑎𝑙2 *

Liquid
Solid
metal
Food
Product
*𝑇𝑜𝑡𝑎𝑙2 is the Total prep time minus time to find Density and 𝐶𝑝 , and sample prep time as both set-ups
can be performed during the bridge balancing.
6) Sample prep time;
a. Start video and stopwatch. Video and record time for each sample separately.
ba. For liquid samples, pour sample into petri dish until the dish is a full to an 1/8 inch from the top.
bb. For solid metal samples, twist end of drill to the left and pull the trigger to drill to open drill
chuck and insert #41 drill. Twist drill to the right and pull trigger to set drill into chuck. Vise
down metal to table and wooden board. Shake board to ensure sample and board are stable. Drill
hole straight down into solid material an 1/8 inch deep.
bci. For food product assemble puncture piece onto circuitry housing near the thermistor using two
screws and an 1/8” drive. Push food product into puncture piece until sample gives back
significant resistance.
bcii. Weigh cylinder on scale. Pack food product into cylinder until all space in cylinder is taken up
by the food product.
bciii. Clean outside of cylinder and cut food product off each end of cylinder to gather an accurate
mass measurement. Weigh cylinder again and record.
bciiii. Subtract cylinder weight from cylinder weight with food product and divide by 1.909 𝑚3 to
find density.
c. Stop video and stopwatch. Record each sample time separately in the table.

7) Perform Power set-up;
a. Start video and stopwatch.
b. Insert DAQ NI9403 module into CompactDAQ chassis.
c. Insert cord with one dashed line into DIO0, terminal 1.
d. Insert cord with two dashed lines into COM, terminal 28.
e. Insert cord with one dashed line into DIO0, terminal 2.
f. Insert cord with two dashed lines into COM, terminal 29.
g. Stop video and stopwatch.
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Figure 2: Picture of DAQ NI-9403. Each arrow point to where a terminal lead is inserted into.

8) Perform DAQ NI9205 set-up;
a. Start video and stopwatch.
b. DAQ NI9205 should already be inside CompactDAQ chassis, insert an additional DAQ module into
the CompactDAQ chassis.
c. Insert the cord with one black line to AO0, terminal 1. Secure lead by inserting screw housed in port
to the right of the terminal the lead is inserted.
d. Insert the cord with one black lines to COM, terminal 18. Secure lead by inserting screw housed in
port to the right of the terminal the lead is inserted.
e. In another NI9205 insert the cord with two black line to AO0, terminal 1. Secure lead by inserting
screw housed in port to the right of the terminal the lead is inserted.
f. In the same NI9205 module as step d. insert the cord with two black lines to COM, terminal 18.
Secure lead by inserting screw housed in port to the right of the terminal the lead is inserted.
g. Stop video and stopwatch and record time in table.
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Figure 3: Picture of DAQ NI-9205. The arrow on top is the terminal the red lead goes into and the arrow
on the bottom is the grey lead goes into.

9) Perform DAQ NI9207 set-up;
a. Start video and stopwatch.
b. Insert the cord with three black lines to AO0, terminal 1. Secure lead by inserting screw housed in port
to the right of the terminal the lead is inserted.
c. Insert the cord with three black lines to COM, terminal 18. Secure lead by inserting screw housed in
port to the right of the terminal the lead is inserted.
d. Stop video and stopwatch and record time in table.
10) Perform Computer start-up;
a. Start video and stopwatch.
b. Make sure power strip is on. The power strip is on if the power button is lite red. If the button is not lit
press the button. Press power button on the desktop computer and monitor. Shake mouse until computer
monitor turns on.
c. Wait until computer displays a sign in screen. Sign into computer with personal credentials.

86

d. Insert thumb drive.
e. Wait until computer prompt for thumb drive to display. Open files and select Senior Project.
f. The front panel of the VI will be displayed and the computer start up test is complete.
g. Stop the video and stopwatch and record time in table.

Figure 4: LabVIEW front panel. Arrows point to operator controls for thermal compacity and density.
11) Perform Density and 𝐶𝑝 test time;
a. Start video and stopwatch.
b. Using Fundamentals of Thermal-Fluid Sciences, 2nd Edition find and record density and 𝐶𝑝 of
sample. Perform and record test for each sample separately. In other words, each sample should have its
own test time.
ba. For liquid samples, turn to page 998 in appendix 1 table 1 A-19. Use values for Glycerin.
bb. For solid samples, turn to page 1005 in appendix 1 table A-24. Use density and 𝐶𝑝 values for
Chromium.
bc. For food product, turn to page 975 in appendix 1. Use 𝐶𝑝 value for potatoes for this test.
c. Click inside the box labeled density and input the density in units of kg/𝑚3 .
d. Click inside the box labeled 𝐶𝑝 and input 𝐶𝑝 in units kj/kg•K of Input density into density. To be most
accurate for food samples measure volume of liquid and dispersed liquid from solid, weigh solid and
determine density dividing weight by volume of solid. If this not an option due to availability of scale
researching a credible value for density is acceptable. If this is not accurate enough for the circumstantial
use the density measurement calculated in step “bciiii” in “Sample prep time”.
e. Stop video and stopwatch and record time in table.
12) Perform time to balance bridge;
a. Start video and stopwatch.
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b. Insert cord with a white line to red terminal of function generator. Twist end of red terminal to secure
lead.
c. Insert cord with two white lines to black terminal of function generator. Twist end of black terminal to
secure lead.
d. With Digital multimeter put one lead on one side of the Wheatstone bridge and one on the other side of
the bridge. Set DMM to volts in direct current, turning the dial to V with the dashed line under it.
e. Set voltage of function generator to 3 volts by pressing scrolling down to voltage, press 3 and press
enter. The display labeled “voltage” on the function generator is now set to 3 volts.
f. Press the green button on the function generator to turn on power to circuit.
g. Wait until bridge stays at .1 volts for 10 seconds and stop recording and stopwatch. Record time in
table.
h. Stop video and stopwatch and record time in table.
13) Total prep time
a. Add up all prep times in minutes for each sample type. Each sample time should have their own sample
prep times.
14) 𝑇𝑜𝑡𝑎𝑙2
a. Subtract time to find and input density and 𝐶𝑝 into software from total prep time.

Discussion:
The device passes the prep time requirement. Prep time of each sample and set-up time
without sample prep is determined. 𝑇𝑜𝑡𝑎𝑙2 determines the prep time without considering the
time it takes to prep the sample and determine the samples thermal compacity and density. To
determine the prep time difference for each sample, subtract 𝑇𝑜𝑡𝑎𝑙2 from the maximum prep
time calculated for each sample. 𝑇𝑜𝑡𝑎𝑙2 represents the time it takes to set-up device without
including sample prep time. 𝑇𝑜𝑡𝑎𝑙2 reflects a more realistic procedure as there is ample time to
prepare a sample as the system is warming up and therefore the sample time would not be
included in prep time. This value results in 3 minutes and 45 seconds of difference between
testing a liquid and a solid sample. In other words, the solid sample prep time is a factor of 45
higher than that of the liquid sample. Therefore, regardless of what sample is used the test prep
time should not change exceed 3 minutes and 45 seconds over 18 minutes and 18 seconds. The
solid sample is predicted to be 33 minutes because it is estimated to take 4 minutes to set-up both
DAQ’s, 2 minutes to start up, 20 minutes to warm up system, 2 minutes to start up computer, 3
minutes for sample prep and 2 minutes to find and input 𝐶𝑝 and density. Both NI9205 and
NI9403 DAQ set-ups were close to the estimated value of 2 minutes. DAQ NI9403 took 1
minute 32 second and the NI9205 took 2 minutes 36 seconds to set-up. 𝐶𝑝 and density input for
food product due to availability of empirical made this task more difficult and take more time.
The difference between preparing a food sample and a solid sample is 28 seconds. The system
warm up time is the largest contributor to the total prep time at 11 minutes and 58 seconds. This
time was much less than the expected value of 20 minutes. The reason for this could be that this
part of the test was taken over an hour into being in the room. The thermistor got closer and
closer to ambient room temperature and this would cause the thermistor to get closer and closer
to the required voltage to balance the bridge. For this reason, the test result of the system warm
up time may not be accurate. The maximum prep time calculated is under 50% the total required
time and the test does not need to be redone.
Results/Conclusion:
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Sample prep
time

Power Setup time

Liquid

5 seconds

1 minute 32
seconds

DAQ
NI9205 Setup time
2 minutes
36 seconds

Solid
metal

3 minutes
14 seconds

1 minute 32
seconds

2 minutes
36 seconds

1 minute 32
seconds

2 minutes
36 seconds

Food
1 minute 23
Product seconds

Computer
start-up
time
2 minutes
14
seconds
2 minutes
14
seconds
2 minutes
14
seconds

Total prep
time

𝑇𝑜𝑡𝑎𝑙2 *

50
seconds

Time to
balance
bridge
11 minutes
58 seconds

19 minutes 15
seconds

18 minutes
18 seconds

45
seconds

11 minutes
58 seconds

22 minutes 18
seconds

18 minutes
18 seconds

2
minutes
22
seconds

11 minutes
58 seconds

21 minutes 45
seconds

18 minutes
18 seconds

Density
and 𝐶𝑝

Table 2: Device set-up times.
Device passes prep time requirement. The device passes prep time requirement of 45
minutes by over 50%. The actual maximum prep time is 22 minutes and 18 seconds. The device
passes this test in an exceptional fashion. This much lower that the required value and even
lower than the predicted value. The predicted maximum value is 33 minutes for a solid sample.
The second longest prep time is for food samples at 21 minutes 45 seconds. Lastly, the liquid
sample took the shortest to prepare. Each sample type has its own sample preparations to
consider however this difference in prep time is small.

Appendix G1.1
Procedure Checklist:
☐Collet equipment:
•
Web camera
•
Computer with LabVIEW software
•
Computer monitor
•
Power strip
•
Thermal Conductivity measuring device.
•
#41 drill
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•
•
•
•
•
•
•
•

Cordless drill motor
Thermal Conductivity Measuring Device LabVIEW VI
Data sheet
Writing utensils
Stopwatch
DAQ NI9403
2 DAQ NI9205
DAQ Ni9207

☐Go to Hogue 207 and a computer with a CompactDAQ (all computers should be equipped with this
system).
☐Set-up video camera in front of testing area allowing all test to be recorded.
☐Set all equipment on table near computer and test area.
☐Copy table below.
☐Sample prep time;
a. Start video and stopwatch. Video and record time for each sample separately.
ba. For liquid samples, pour sample into petri dish until the dish is a full to an 1/8 inch from the top.
bb. For solid metal samples, twist end of drill to the left and pull the trigger to drill to open drill
chuck and insert #41 drill. Twist drill to the right and pull trigger to set drill into chuck. Vise
down metal to table and wooden board. Shake board to ensure sample and board are stable. Drill
hole straight down into solid material an 1/8 inch deep.
bci. For food product assemble puncture piece onto circuitry housing near the thermistor using two
screws and an 1/8” drive. Push food product into puncture piece until sample gives back
significant resistance.
bcii. Weigh cylinder on scale. Pack food product into cylinder until all space in cylinder is taken up
by the food product.
bciii. Clean outside of cylinder and cut food product off each end of cylinder to gather an accurate
mass measurement. Weigh cylinder again and record.
bciiii. Subtract cylinder weight from cylinder weight with food product and divide by 1.909 𝑚3 to
find density.
c. Stop video and stopwatch. Record each sample time separately in the table.

☐Perform Power set-up;
h. Start video and stopwatch.
i. Insert DAQ NI9403 module into CompactDAQ chassis.
j. Insert cord with one dashed line into DIO0, terminal 1.
k. Insert cord with two dashed lines into COM, terminal 28.
l. Insert cord with one dashed line into DIO0, terminal 2.
m. Insert cord with two dashed lines into COM, terminal 29.
n. Stop video and stopwatch.
☐Perform DAQ NI9205 set-up;
h. Start video and stopwatch.
i. DAQ NI9205 should already be inside CompactDAQ chassis, insert an additional DAQ module into
the CompactDAQ chassis.
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j.

Insert the cord with one black line to AO0, terminal 1. Secure lead by inserting screw housed in port
to the right of the terminal the lead is inserted.
k. Insert the cord with one black lines to COM, terminal 18. Secure lead by inserting screw housed in
port to the right of the terminal the lead is inserted.
l. In another NI9205 insert the cord with two black line to AO0, terminal 1. Secure lead by inserting
screw housed in port to the right of the terminal the lead is inserted.
m. In the same NI9205 module as step d. insert the cord with two black lines to COM, terminal 18.
Secure lead by inserting screw housed in port to the right of the terminal the lead is inserted.
n. Stop video and stopwatch and record time in table.
☐Perform DAQ NI9207 set-up;
a. Start video and stopwatch.
b. Insert the cord with three black lines to AO0, terminal 1. Secure lead by inserting screw housed in port
to the right of the terminal the lead is inserted.
c. Insert the cord with three black lines to COM, terminal 18. Secure lead by inserting screw housed in
port to the right of the terminal the lead is inserted.
d. Stop video and stopwatch and record time in table.
☐Perform Computer start-up;
a. Start video and stopwatch.
b. Make sure power strip is on. The power strip is on if the power button is lite red. If the button is not lit
press the button. Press power button on the desktop computer and monitor. Shake mouse until computer
monitor turns on.
c. Wait until computer displays a sign in screen. Sign into computer with personal credentials.
d. Insert thumb drive.
e. Wait until computer prompt for thumb drive to display. Open files and select Senior Project.
f. The front panel of the VI will be displayed and the computer start up test is complete.
g. Stop the video and stopwatch and record time in table.
☐ Perform Density and 𝐶𝑝 test time;
a. Start video and stopwatch.
b. Using Fundamentals of Thermal-Fluid Sciences, 2nd Edition find and record density and 𝐶𝑝 of
sample. Perform and record test for each sample separately. In other words, each sample should have its
own test time.
ba. For liquid samples, turn to page 998 in appendix 1 table 1 A-19. Use values for Glycerin.
bb. For solid samples, turn to page 1005 in appendix 1 table A-24. Use density and 𝐶𝑝 values for
Chromium.
bc. For food product, turn to page 975 in appendix 1. Use 𝐶𝑝 value for potatoes for this test.
c. Click inside the box labeled density and input the density in units of kg/𝑚3 .
d. Click inside the box labeled 𝐶𝑝 and input 𝐶𝑝 in units kj/kg•K of Input density into density. To be most
accurate for food samples measure volume of liquid and dispersed liquid from solid, weigh solid and
determine density dividing weight by volume of solid. If this not an option due to availability of scale
researching a credible value for density is acceptable. If this is not accurate enough for the circumstantial
use the density measurement calculated in step “bciiii” in “Sample prep time”.
e. Stop video and stopwatch and record time in table.
☐ Perform time to balance bridge;
i. Start video and stopwatch.
j. Insert cord with a white line to red terminal of function generator. Twist end of red terminal to secure
lead.
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k. Insert cord with two white lines to black terminal of function generator. Twist end of black terminal to
secure lead.
l. With Digital multimeter put one lead on one side of the Wheatstone bridge and one on the other side of
the bridge. Set DMM to volts in direct current, turning the dial to V with the dashed line under it.
m.
Set voltage of function generator to 3 volts by pressing scrolling down to voltage, press 3 and
press enter. The display labeled “voltage” on the function generator is now set to 3 volts.
n. Press the green button on the function generator to turn on power to circuit.
o. Wait until bridge stays at .1 volts for 10 seconds and stop recording and stopwatch. Record time in
table.
p. Stop video and stopwatch and record time in table.
☐ Total prep time
a. Add up all prep times in minutes for each sample type. Each sample time should have their own sample
prep times.
☐ 𝑇𝑜𝑡𝑎𝑙2
a. Subtract time to find and input density and 𝐶𝑝 into software from total prep time.

Equipment Checklist:
☐Web camera
☐Computer with LabVIEW software
☐Thermal Conductivity measuring device.
☐#41 drill
☐Cordless drill motor
☐Thermal Conductivity Measuring Device LabVIEW VI
☐Function Generator
☐Data sheet
☐Vise
☐Writing utensils
☐Stopwatch

Appendix G1.2
Sample
prep time

Power Setup time

DAQ
NI9205
Set-up
time

Computer Density
start-up
and 𝐶𝑝
time

Time to
balance
bridge

Total prep
time

𝑇𝑜𝑡𝑎𝑙2 *

Liquid
Solid
metal
Food
Product

Appendix G1.3
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Sample prep
time

Power Setup time

Liquid

5 seconds

1 minute 32
seconds

DAQ
NI9205 Setup time
2 minutes
36 seconds

Solid
metal

3 minutes
14 seconds

1 minute 32
seconds

2 minutes
36 seconds

1 minute 32
seconds

2 minutes
36 seconds

Food
1 minute 23
Product seconds

Computer
start-up
time
2 minutes
14
seconds
2 minutes
14
seconds
2 minutes
14
seconds

Total prep
time

𝑇𝑜𝑡𝑎𝑙2 *

50
seconds

Time to
balance
bridge
11 minutes
58 seconds

19 minutes 15
seconds

18 minutes
18 seconds

45
seconds

11 minutes
58 seconds

22 minutes 18
seconds

18 minutes
18 seconds

2
minutes
22
seconds

11 minutes
58 seconds

21 minutes 45
seconds

18 minutes
18 seconds

Density
and 𝐶𝑝
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Appendix G1.4

94

95

Appendix G1.5

Summary
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This procedure documents the process of testing and recording, the test time of the measuring device
created during Mechanical Engineering Technologies Senior project course at Central Washington
University. The test time measures the time the measurement device takes to perform a measurement.
Time is taken from the press of the start button on the device to the display of a thermal conductivity
value. The device is required to have a test time of no longer than fifteen minutes. The test time is tested
on gelatin as this is cheap, readily available, and a safe option working in the Central Washington
University computer labs.
Time: The test was conducted on 4/22/21 from 9:00 am to 9:30 am in Hogue 207. There was ten minutes
collecting equipment and preparing test sample. After the test, there was ten minutes to retrieve data, shut
down equipment, and collect equipment and sample.
Place: Room 207, Hogue Hall, Central Washington University campus in Ellensburg, WA.
Required equipment includes:
• Web camera
• Power strip
• Computer with LabVIEW software
• Thermal Conductivity measuring device.
• USB drive with “Thermal Conductivity Measuring Device LabVIEW VI”
• 2 DAQ NI-9205
• DAQ NI-9207
• DAQ NI-9403
• DAQ compact chassis
• Gelatin and water
• Writing utensils
• Stopwatch
Risk: This test cannot be conducted without electrical power. All equipment must be collected ahead of
time. DAQ NI9403 must operate between -40˚C and 70˚C. Additional personnel were not required but
could be on hand as observers.
The test procedure is as follows:
1) Collet equipment:
• Web camera
• Computer with LabVIEW software
• Thermal Conductivity measuring device.
• USB drive with “Thermal Conductivity Measuring Device LabVIEW VI”
• 2 DAQ N-I9205
• DAQ NI-9207
• DAQ NI-9263
• DAQ compact chassis
• Gelatin and water
• Writing utensils
• Stopwatch
2) Go to Hogue 207 and a computer with a CompactDAQ (all computers should be equipped with this
system).
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3) Set-up video camera in front of testing area allowing all test to be recorded.
4) Set all equipment on table near computer and test area.
5) Copy table below.
Trail
1

Time

Required time

Passed (Y/N)

Table 1: Blank data table for testing device test time.
6) Sample prep time;
a. Prepare gelatin sample according to directions provided with product and place into large bowl. A
salad bowl is used in this experiment and is acceptable.
b. Place next to the rest of the equipment and continue to next step.
7) Perform Power set-up;
o. Insert DAQ NI9403 module into CompactDAQ chassis.
p. Insert cord with one dashed line into DIO0, terminal 1.
q. Insert cord with two dashed lines into COM, terminal 28.
r. Insert cord with one dashed line into DIO0, terminal 2.
s. Insert cord with two dashed lines into COM, terminal 29.

Figure 1: Picture of DAQ NI-9403. Each arrow point to where a terminal lead is inserted into.

8) Perform DAQ NI9205 set-up;
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o. DAQ NI9205 should already be inside CompactDAQ chassis, insert an additional DAQ module into
the CompactDAQ.
p. Insert the cord with one black line to AO0, terminal 1. Secure lead by inserting screw housed in port
to the right of the terminal the lead is inserted.
q. Insert the cord with one black lines to COM, terminal 18. Secure lead by inserting screw housed in
port to the right of the terminal the lead is inserted.
r. In another NI9205 insert the cord with two black line to AO0, terminal 1. Secure lead by inserting
screw housed in port to the right of the terminal the lead is inserted.
s. In the same NI9205 module as step d. insert the cord with two black lines to COM, terminal 18.
Secure lead by inserting screw housed in port to the right of the terminal the lead is inserted.

Figure 2: Picture of DAQ NI-9205. The arrow on top is the terminal the red lead goes into and the arrow
on the bottom is the grey lead goes into.

9) Perform DAQ NI9207 set-up;
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a. Insert the cord with three black lines to AO0, terminal 1. Secure lead by inserting screw housed in port
to the right of the terminal the lead is inserted.
b. Insert the cord with three black lines to COM, terminal 18. Secure lead by inserting screw housed in
port to the right of the terminal the lead is inserted.

10) Perform Computer start-up;
a. Make sure power strip is on. The power strip is on if the power button is lite red. If the button is not lit
press the button. Press power button on the desktop computer and monitor. Shake mouse until computer
monitor turns on.
b. Wait until computer displays a sign in screen. Sign into computer with personal credentials.
c. Insert thumb drive.
d. Wait until computer prompt for thumb drive to display. Open files and select Senior Project.
e. The front panel of the VI will be displayed and the computer start up test is complete.
11) Perform Density and 𝐶𝑝 test time;
a. For gelatin samples, turn to page 998 in appendix 1 table 1 A-19. To do this determine sample
temperature to attain an accurate density and thermal compacity.
b. Click inside the box labeled density and input the density in units of kg/𝑚3 .
. Click inside the box labeled 𝐶𝑝 and input 𝐶𝑝 in units kj/kg•K of Input density into density.

Figure 3: LabVIEW front panel. Arrows point to operator controls for thermal compacity and density.

12) Perform and record test time
a. Insert thermistor into gelatin.
b. Start stopwatch.
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c. Press the run button on the VI front panel denoted with an arrow symbol at the top left conner next to
the files.
d. Look at the indicator label as thermal conductivity and wait for a value to display in the box. Once the
box is filled with a value stop the stopwatch and record time.

Discussion:
The test procedure is performed differently than stated above. For example, the
thermistor is not inserted into the sample and the test is taken without inserting the thermistor
into the gelatin sample. The reason for this is the devices’ measurement time is pre-determined
and consistent between all sample types. All other procedures are followed. Device is successful
in passing time requirement.

Results/Conclusion:
Trail
1

Time
17 seconds

Required time
15 minutes

Passed (Y/N)
Y

Table 2: Results of device test time.
The device must perform its’ test under 15 minutes. This test procedure includes testing
the time it takes to perform thermal conductivity measurement. The total time being measured is
the time from when the start button on the machine is pressed to the time the thermal
conductivity value is displayed. The test time is the same for each trial because the LabVIEW
software is programed to run for 15 seconds. For this reason, the times for each test do not have a
great considerable difference. The actual measurement time for the device is about 15 seconds
and exceeds the 15-minute test time requirement.

Appendix G2.1
Procedure Checklist:
☐Collet equipment:
• Web camera
• Computer with LabVIEW software
• Thermal Conductivity measuring device.
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•
•
•
•
•
•
•
•

USB drive with “Thermal Conductivity Measuring Device LabVIEW VI”
2 DAQ N-I9205
DAQ NI-9207
DAQ NI-9263
DAQ compact chassis
Gelatin and water
Writing utensils
Stopwatch

☐Go to Hogue 207 and a computer with a CompactDAQ (all computers should be equipped with this
system).
☐Set-up video camera in front of testing area allowing all test to be recorded.
☐Set all equipment on table near computer and test area.
☐Copy table below.
☐Sample prep time;
a. Prepare gelatin sample according to directions provided with product and place into large bowl. A
salad bowl is used in this experiment and is acceptable.
b. Place next to the rest of the equipment and continue to next step.
☐Perform Power set-up;
t. Insert DAQ NI9403 module into CompactDAQ chassis.
u. Insert cord with one dashed line into DIO0, terminal 1.
v. Insert cord with two dashed lines into COM, terminal 28.
w. Insert cord with one dashed line into DIO0, terminal 2.
x. Insert cord with two dashed lines into COM, terminal 29.
☐Perform DAQ NI9205 set-up;
t. DAQ NI9205 should already be inside CompactDAQ chassis, insert an additional DAQ module into
the CompactDAQ.
u. Insert the cord with one black line to AO0, terminal 1. Secure lead by inserting screw housed in port
to the right of the terminal the lead is inserted.
v. Insert the cord with one black lines to COM, terminal 18. Secure lead by inserting screw housed in
port to the right of the terminal the lead is inserted.
w. In another NI9205 insert the cord with two black line to AO0, terminal 1. Secure lead by inserting
screw housed in port to the right of the terminal the lead is inserted.
x. In the same NI9205 module as step d. insert the cord with two black lines to COM, terminal 18.
Secure lead by inserting screw housed in port to the right of the terminal the lead is inserted.
☐Perform DAQ NI9207 set-up;
a. Insert the cord with three black lines to AO0, terminal 1. Secure lead by inserting screw housed in port
to the right of the terminal the lead is inserted.
b. Insert the cord with three black lines to COM, terminal 18. Secure lead by inserting screw housed in
port to the right of the terminal the lead is inserted.
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☐Perform Computer start-up;
a. Make sure power strip is on. The power strip is on if the power button is lite red. If the button is not lit
press the button. Press power button on the desktop computer and monitor. Shake mouse until computer
monitor turns on.
b. Wait until computer displays a sign in screen. Sign into computer with personal credentials.
c. Insert thumb drive.
d. Wait until computer prompt for thumb drive to display. Open files and select Senior Project.
e. The front panel of the VI will be displayed and the computer start up test is complete.
☐Perform Density and 𝐶𝑝 test time;
a. For gelatin samples, turn to page 998 in appendix 1 table 1 A-19. To do this determine sample
temperature to attain an accurate density and thermal compacity.
b. Click inside the box labeled density and input the density in units of kg/𝑚3 .
. Click inside the box labeled 𝐶𝑝 and input 𝐶𝑝 in units kj/kg•K of Input density into density.
☐Perform and record test time
a. Insert thermistor into gelatin.
b. Start stopwatch.
c. Press the run button on the VI front panel denoted with an arrow symbol at the top left conner next to
the files.
d. Look at the indicator label as thermal conductivity and wait for a value to display in the box. Once the
box is filled with a value stop the stopwatch and record time.

Equipment Checklist:
☐Web camera
☐Power strip
☐Computer with LabVIEW software
☐Thermal Conductivity measuring device.
☐USB drive with “Thermal Conductivity Measuring Device LabVIEW VI”
☐2 DAQ NI-9205
☐DAQ NI-9207
☐DAQ NI-9403
☐DAQ compact chassis
☐Gelatin and water
☐Writing utensils
☐Stopwatch

Appendix G2.2
Trail
1

Time

Required time

Passed (Y/N)

Time
17 seconds

Required time
15 minutes

Passed (Y/N)
Y

Appendix G2.3
Trail
1
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Appendix G2.4
No calculations are required for this test.
Appendix G2.5

Summary
This procedure documents the process of testing and recording, the accuracy of the thermal conductivity
measuring device created in Mechanical Engineering Technologies Senior project course at Central
Washington University. The accuracy of the device is determined by measuring the thermal conductivity
of a known material and compare the measured value to the actual value presented in credible data tables.
The device is required to an error of no more than 5%. The sample used for this test is 99% water 1%
gelatin.
Time: The test was conducted on 4/22/21 from 10:00 pm to 10:30 pm in Hogue 207. There was ten
minutes collecting equipment and preparing test sample. After the test, there was ten minutes to retrieve
data, shut down equipment, and collect equipment and sample.
Place: Room 207, Hogue Hall, Central Washington University campus in Ellensburg, WA.
Required equipment includes:
• Web camera
• Computer with LabVIEW software
• Thermal Conductivity measuring device.

104

•
•
•
•
•
•
•

USB drive with “Thermal Conductivity Measuring Device LabVIEW VI”
2 DAQ NI-9205
DAQ NI-9207
DAQ NI-9403
DAQ compact chassis
Gelatin and water
Writing utensils

Risk: This test cannot be conducted without electrical power. All equipment must be collected ahead of
time. DAQ NI9403 must operate between -40˚C and 70˚C. Additional personnel were not required but
could be on hand as observers.
The test procedure is as follows:
1) Collet equipment:
• Web camera
• Computer with LabVIEW software
• Thermal Conductivity measuring device.
• USB drive with “Thermal Conductivity Measuring Device LabVIEW VI”
• 2 DAQ NI-9205
• DAQ NI-9207
• DAQ NI-9403
• DAQ compact chassis
• Gelatin and water
• Writing utensils
2) Go to Hogue 207 and a computer with a CompactDAQ (all computers should be equipped with this
system).
3) Set-up video camera in front of testing area allowing all test to be recorded.
4) Set all equipment on table near computer and test area.
5) Copy table below or download Excel file titled Accuracy.xlsx.

Table 1: Blank data sheet for testing accuracy of measuring device.
6) Sample prep time;
a. Prepare gelatin sample according to directions provided with product and place into large bowl. A
salad bowl is used in this experiment and is acceptable.
b. Place next to the rest of the equipment and continue to next step.
7) Perform Power set-up;
y. Insert DAQ NI9403 module into CompactDAQ chassis.
z. Insert cord with one dashed line into DIO0, terminal 1.
aa. Insert cord with two dashed lines into COM, terminal 28.
bb. Insert cord with one dashed line into DIO0, terminal 2.
cc. Insert cord with two dashed lines into COM, terminal 29.
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Figure 1: Picture of DAQ NI-9403. Each arrow point to where a terminal lead is inserted into.

8) Perform DAQ NI9205 set-up;
y. DAQ NI9205 should already be inside CompactDAQ chassis, insert an additional DAQ module into
the CompactDAQ.
z. Insert the cord with one black line to AO0, terminal 1. Secure lead by inserting screw housed in port
to the right of the terminal the lead is inserted.
aa. Insert the cord with one black lines to COM, terminal 18. Secure lead by inserting screw housed in
port to the right of the terminal the lead is inserted.
bb. In another NI9205 insert the cord with two black line to AO0, terminal 1. Secure lead by inserting
screw housed in port to the right of the terminal the lead is inserted.
cc. In the same NI9205 module as step d. insert the cord with two black lines to COM, terminal 18.
Secure lead by inserting screw housed in port to the right of the terminal the lead is inserted.
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Figure 2: Picture of DAQ NI-9205. The arrow on top is the terminal the red lead goes into and the arrow
on the bottom is the grey lead goes into.

9) Perform DAQ NI9207 set-up;
a. Insert the cord with three black lines to AO0, terminal 1. Secure lead by inserting screw housed in port
to the right of the terminal the lead is inserted.
b. Insert the cord with three black lines to COM, terminal 18. Secure lead by inserting screw housed in
port to the right of the terminal the lead is inserted.

10) Perform Computer start-up;
a. Make sure power strip is on. The power strip is on if the power button is lite red. If the button is not lit
press the button. Press power button on the desktop computer and monitor. Shake mouse until computer
monitor turns on.
b. Wait until computer displays a sign in screen. Sign into computer with personal credentials.
c. Insert thumb drive.
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d. Wait until computer prompt for thumb drive to display. Open files and select Senior Project.
e. The front panel of the VI will be displayed and the computer start up test is complete.
11) Perform Density and 𝐶𝑝 test time;
a. For gelatin samples, turn to page 998 in appendix 1 table 1 A-19. To do this determine sample
temperature to attain an accurate density and thermal compacity.
b. Click inside the box labeled density and input the density in units of kg/𝑚3 .
c. Click inside the box labeled 𝐶𝑝 and input 𝐶𝑝 in units kj/kg•K of Input density into density.
12) Run VI
a. Press run button on VI and wait for thermal conductivity value to be displayed. The run button is in the
top left corner of the front panel and is denoted with an arrow symbol point to the right.
b. Record thermal conductivity value into table
13) Calculate Error percentage
𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑
a. Calculate error by using the following equation: 1 − ( 𝑎𝑐𝑡𝑢𝑎𝑙 )
“Observed” refers to the value measured by the device and “actual” refers to the value found in literature
and credible sources and record value in table.

Figure 3: LabVIEW front panel. Arrows point to operator controls for thermal compacity and density and
display of measured thermal conductivity value.
Discussion:

Test procedure is altered due to the LabVIEW VI not working properly. For example,
voltage over bridge and current in series with thermistor and voltage over thermistor are
measured using digital multimeters. These values are calculated and incorporated into the same
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equation used in the LabVIEW VI to determine thermal conductivity. This will not prove that the
VI attains the resulting accuracy however it does prove the circuit is capable.
Results

Table 2: Error percentage of device
Conclusion:
The device passes error percentage requirement. The thermal conductivity value of water
at room temperature is .598 W/kg Kelvin and can be found in thermodynamic texts and
resources. The sample tested is about 99% water 1% and the thermal conductivity of water can
be used. The device evaluates the thermal conductivity value of the sample and determines it to
be .5741 W/kg Kelvin. The device achieves a 4.00% error is thermal conductivity measurements
when measuring the thermal conductivity of water at room temperature.
Appendix G3.1
Procedure Checklist:
☐ Collet equipment:
• Web camera
• Computer with LabVIEW software
• Thermal Conductivity measuring device.
• USB drive with “Thermal Conductivity Measuring Device LabVIEW VI”
• 2 DAQ NI-9205
• DAQ NI-9207
• DAQ NI-9403
• DAQ compact chassis
• Gelatin and water
• Writing utensils
☐Go to Hogue 207 and a computer with a CompactDAQ (all computers should be equipped with this
system).
☐ Set-up video camera in front of testing area allowing all test to be recorded.
☐ Set all equipment on table near computer and test area.
☐ Copy table below or download Excel file titled Accuracy.xlsx.
☐ Sample prep time;
a. Prepare gelatin sample according to directions provided with product and place into large bowl. A
salad bowl is used in this experiment and is acceptable.
b. Place next to the rest of the equipment and continue to next step.
☐ Perform Power set-up;
dd. Insert DAQ NI9403 module into CompactDAQ chassis.
ee. Insert cord with one dashed line into DIO0, terminal 1.
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ff. Insert cord with two dashed lines into COM, terminal 28.
gg. Insert cord with one dashed line into DIO0, terminal 2.
hh. Insert cord with two dashed lines into COM, terminal 29.
☐ Perform DAQ NI9205 set-up;
dd. DAQ NI9205 should already be inside CompactDAQ chassis, insert an additional DAQ module into
the CompactDAQ.
ee. Insert the cord with one black line to AO0, terminal 1. Secure lead by inserting screw housed in port
to the right of the terminal the lead is inserted.
ff. Insert the cord with one black lines to COM, terminal 18. Secure lead by inserting screw housed in
port to the right of the terminal the lead is inserted.
gg. In another NI9205 insert the cord with two black line to AO0, terminal 1. Secure lead by inserting
screw housed in port to the right of the terminal the lead is inserted.
hh. In the same NI9205 module as step d. insert the cord with two black lines to COM, terminal 18.
Secure lead by inserting screw housed in port to the right of the terminal the lead is inserted.
☐ Perform DAQ NI9207 set-up;
a. Insert the cord with three black lines to AO0, terminal 1. Secure lead by inserting screw housed in port
to the right of the terminal the lead is inserted.
b. Insert the cord with three black lines to COM, terminal 18. Secure lead by inserting screw housed in
port to the right of the terminal the lead is inserted.
☐Perform Computer start-up;
a. Make sure power strip is on. The power strip is on if the power button is lite red. If the button is not lit
press the button. Press power button on the desktop computer and monitor. Shake mouse until computer
monitor turns on.
b. Wait until computer displays a sign in screen. Sign into computer with personal credentials.
c. Insert thumb drive.
d. Wait until computer prompt for thumb drive to display. Open files and select Senior Project.
e. The front panel of the VI will be displayed and the computer start up test is complete.
☐ Perform Density and 𝐶𝑝 test time;
a. For gelatin samples, turn to page 998 in appendix 1 table 1 A-19. To do this determine sample
temperature to attain an accurate density and thermal compacity.
b. Click inside the box labeled density and input the density in units of kg/𝑚3 .
c. Click inside the box labeled 𝐶𝑝 and input 𝐶𝑝 in units kj/kg•K of Input density into density.
☐ Run VI
a. Press run button on VI and wait for thermal conductivity value to be displayed. The run button is in the
top left corner of the front panel and is denoted with an arrow symbol point to the right.
b. Record thermal conductivity value into table
☐ Calculate Error percentage
𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑
a. Calculate error by using the following equation: 1 − ( 𝑎𝑐𝑡𝑢𝑎𝑙 )
“Observed” refers to the value measured by the device and “actual” refers to the value found in literature
and credible sources and record value in table.

Equipment Checklist:
☐Web camera
☐Computer with LabVIEW software
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☐Thermal Conductivity measuring device.
☐USB drive with “Thermal Conductivity Measuring Device LabVIEW VI”
☐2 DAQ NI-9205
☐DAQ NI-9207
☐DAQ NI-9403
☐DAQ compact chassis
☐Gelatin and water
☐Writing utensils

Appendix G3.2

Appendix G3.3

Appendix G2.4
Calculations made in excel.
Appendix G3.5
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Summary
This procedure documents the process of testing and recording, the weight of the thermal conductivity
measuring device created in Mechanical Engineering Technologies Senior project course at Central
Washington University. The weight of the device will be determined after being fully assembled. The
device is required to weigh no more than 20 pounds. The fully assembled device is place on a scale and
the measurement is recorded and compared to the 20-pound requirement.
Time: The test was conducted on 4/20/21 from 1:00 pm to 1:20 pm at home kitchen. There was ten
minutes collecting equipment and assembling device. After the test, there was ten minutes to retrieve data,
shut down equipment, and collect equipment.
Place: Home kitchen in Covington, WA.
Required equipment includes:
• Video camera
• Writing utensils
• Paper
• Measuring device
• Hex head screwdriver
• Scale
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Risk: This test cannot be conducted without electrical power. Make sure all equipment is dry before
performing measurements.
The test procedure is as follows:
1. Collet equipment:
• Video camera
• Writing utensils
• Paper
• Measuring device
• Hex head screwdriver
• Scale

2. Fully assemble device according to assembly drawing. Device should look like figure 1
using hex head screwdriver to fasten circuitry door (20-003) and puncture piece (20-001).
3. Copy table below.
Requirement

Actual

Weight
Table 1: Raw data table.
4. Zero scale by pressing the “tare” button on the scale.
5. Place assembled device on scale.
6. Record weight of device and convert from grams to pounds and record value in table.

Figure 1: Assembly drawing of measuring device.
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Discussion: Test passes weight requirement. The devices weigh in at 459 grams equivalent to
approximately 1.01 pounds. This surpasses the maximum weigh requirement of 20 lbs. The test
procedure is followed, and no changes are made. The scale used to measure weigh does not
measure in pounds only in grams. The scale also measured in units up to one one-hundredths of a
gram making the weight calculation very precise. This test can be improved by taping wires to
device to ensure all wires are measured on the scale and no wires are resting on another surface.

Results/Conclusion:

Weight

Requirement
20 lbs
Table 2: Results table of weight test.

Actual
1.01 lbs

Figure 2: Weight of device in grams
Device passes the weight test. The device weighs 459 grams, which is converted to pounds, and
equivalent to approximately 1.01 pounds. This exceeds the 20lb weight requirement and is also
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under the predicted value of 2lbs. The device surpasses the maximum weigh requirement of 20
lbs.

G4.1
☐Collet equipment:
• Video camera
• Writing utensils
• Paper
• Measuring device
• Hex head screwdriver
• Scale

☐Fully assemble device according to assembly drawing. Device should look like figure 1 using
hex head screwdriver to fasten circuitry door (20-003) and puncture piece (20-001).
☐Copy table below.
☐Zero scale by pressing the “tare” button on the scale.
☐Place assembled device on scale.
☐Record weight of device and convert from grams to pounds and record value in table.
Equipment Checklist:
☐Video camera
☐Writing utensils
☐Paper
☐Measuring device
☐Hex head screwdriver
☐Scale

G4.2
Requirement

Actual

Requirement
20 lbs

Actual
1.019

Weight
G4.3
Weight
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G4.4

G4.5

Summary
This procedure documents the process of testing and recording, the volume of the thermal conductivity
measuring device created in Mechanical Engineering Technologies Senior project course at Central
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Washington University. The volume of the device will be determined after being fully assembled. The
device is required to fit inside an 18”x13”x10” box. The fully assembled device is place in a 18”x13”x10”
box and an observations are made and recorded about the ability of the device to fit in the box.
Time: The test was conducted on 4/20/21 from 1:30 pm to 2:15 pm at home kitchen. There was ten
minutes collecting equipment and assembling device. After the test, there was ten minutes to retrieve data,
collect equipment.
Place: Home kitchen in Covington, WA.
Required equipment includes:
• Video camera
• Writing utensils
• Paper
• Measuring device
• Hex head screwdriver
• 18”x13”x10” Cardboard box
Risk: Edge of cardboard box can be sharp. Electrical components are sensitive, and a significant drop can
damage the circuitry.
The test procedure is as follows:

1. Collect equipment:
•
•
•
•
•
•

Video camera
Writing utensils
Paper
Measuring device
Hex head screwdriver
18”x13”x10” Cardboard box

2. Fully assembled device with all parts according to assembly drawing. Device should look
like figure 1.
3. Copy table below.
Requirement

Actual

Volume
Table 1: Raw data table.
4. Construct box with one 18x13 section open.
5. Place device inside box through 18x13 section hole.
6. Record results. If device does not touch any edges and the box can be closed the device
passes the volume requirement.
Discussion: Device passes volume requirement. The procedure is modified to use material
readily available. Cardboard is used to construct the three dimensions, width, length, and height.
In other words, a 18”x13” bottom of the box is made and then 10” long piece of cardboard is
taped to the that box at ninety degrees simulating the height of the box. and These dimensions
are the critical dimensions of the box. If any parts of the device go outside of the box the device
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fails to pass the volume requirement. The device must fit inside an 18”x13”x10” box without any
wires or any other parts hanging outside the boxes constructed boundary.
Results/Conclusion:

Volume

Requirement
18x13x10 𝑖𝑛3
Table 2: Results of volume test.

Actual
Fits inside box

Figure 2: Picture of device in 18”x13”x10” box
Device passes volume requirement. The device must fit inside an 18”x13”x10” box
without any wires or any other parts hanging outside the boxes constructed boundary.

G5.1
Procedure Checklist:
☐Collect equipment:
•
•
•
•
•
•

Video camera
Writing utensils
Paper
Measuring device
Hex head screwdriver
18”x13”x10” Cardboard box
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☐Fully assembled device with all parts according to assembly drawing. Device should look
like figure 1.
☐Copy table below.
☐Construct box with one 18x13 section open.
☐Place device inside box through 18x13 section hole.
☐Record results. If device does not touch any edges and the box can be closed the device
passes the volume requirement.
Equipment Checklist:
☐Video camera
☐Writing utensils
☐Paper
☐Measuring device
☐Hex head screwdriver
☐18”x13”x10” Cardboard box

G5.2
Requirement

Actual

Requirement
18x13x10 𝑖𝑛3

Actual
Fits inside box

Volume
G5.3
Volume

G5.4
No calculations are made for this test.

G5.5
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APPENDIX H – Resume
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